“An invasion of armies can be resisted,
but not an idea whose time has come.”

Victor Hugo
Les Miserables

Advancing Asset Management in Your Utility:
A “Hands-on” Approach

Day 1
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AGENDA

Day 1
Welcome, Introductions & Housekeeping Details

“Storyline” Introduction, Background And Context

Overview Of Fundamental Concepts & Core Practices

The Storyline: Tom’s Really Bad Day

Core Question 1: What Is The Current State Of My Assets?

Core Question 2: What Is My Required “Sustainable” Level Of Service?
Core Question 3: Which Assets Are Critical To Sustained Performance?
Review of Key Slides; Discussion/Q & A

Day 2
Summary of Day 1; Outline of Day 2
Core Question 4: What Are My Minimum “Life-cycle-cost” CIP and O&M Strategies?
Core Question 5: Given The Above, What Is My Best Long-term Funding Strategy?

Focus Topic 1: Deploying An AAM Program

Focus Topic 2: Meeting The IT Challenge — Toward An Enterprise Asset Management
System (EAMS)

Summary, Addressing Your Questions, Comments




Who is GHD LLC?

international Australian-based international company of

Infrastruciure Mar

4200+ management consultants, engineers, ===
scientists, planners, architects T

The

Recognized as a world leader in advanced Australiasy

New Zealand

asset management Experience
Literally, “wrote the book” on Best Practices
Hundreds of engagements over two decades

Faculty for USEPA’s national Asset .
Management Training Workshops il
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ASSET MANAGEMENT
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@ “Side-by-side” Mentoring AM Knowledge Management 3
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Our “Faculty”

Mr. Steve Allbee - USEPA Project Director, Gap Analysis;
primary author, USEPA'’s The Clean Water and Drinking
Water Infrastructure Gap Analysis; 26 years EPA -
development of financing programs; BA, MA, MPA.

Mr. Duncan Rose - VP, Service Group Manager — GHD
USA,; Former city/county manager; co-author of WEF's
Managing the Water & Wastewater Utility; 30 years state &
local management; Adjunct Faculty, Florida State
University, Askew School of Public Policy and
Administration; BA, MSP, MAPA.

Mr. Doug Stewart, P.E. — Principal Consultant, GHD;
former Asset Management Program Director, Orange
County Sanitation District; 25 years engineering

experience, 10 years utility management; BS, MSCE.

Mr. Philip Tiewater, P.E. - Principal Consultant and
Deputy Service Group Manager - East, GHD; Former
Public Works Director; 25 years mun|C|paI engineering
experience; BA, MPA.

The Clean Wated ard

' ELEL [ RGTE

Water and
Wastewater
Utility
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Bottom Line: Emergent Industry Profile

* Increasing aggregate demand — water and wastewater
 Diminishing available water resources

« Leveling of “production efficiencies”

e |Increasing output restrictions

« Aging infrastructure

» Result: Increasingly expensive treatment options

» Aging customer base — more and more on fixed income

 Diminishing technical labor pool running larger and more
sophisticated plants and facilities

* Outflow of knowledge with retiring labor base
* Increasing resistance to rate increases

N Result: Increasingly complex management
environment



The Changing Utility Business

Environment
Demands to do more with what we have got

Need to better focus our capital & operating
budgets

Move from reactive based activities to a greater
planned and predictive work environment

Transition from being really good at building
and operating assets to being really good at
managing assets:

— Extending asset life and achieving acceptable

reliability

— Optimizing maintenance, renewal
— Developing accurate long term funding models
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The Consequences of Asset Fallures Can
Be Severe




Advanced Asset Management helps
make...

better acquisition,
operations, maintenance, and

renewal and replacement
DECISIONS
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By the end of this workshop you should
be able to address these five questions:

What is Why do , deli\\//\iar:zgles” How to H%ngdeo |
2 2 it?
AM: AM: do | get? SOLLE forward?
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Building the “AM MetaBox”

Definition
Life cycle

Four “conceptual
framework” views of
Asset Management

Charter Principles

An Asset
Management Plan
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“Meta” View 1: Our “Fancy” Definition of AM
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Advanced Asset Management (“AAM”) is

a and a and human

that is applied to the of infrastructure
assets at all levels of the organization

that seeks to of acquiring, operating,
maintaining and renewing the assets

within an environment of

while customers
desire and regulators require
In a cultural environment that encourages maximum

development and satisfaction of our human assets.
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“Meta” View 2: The Asset Life Cycle

Review &
Works Continuous
Resource Improvement
Management d

Strateqgic

Disposal :
Rationalization Planning

cwp
Validation

- - Creation
Rehabilitate 7 ' | AmraLoRs and/or Acquire

Repair Replace
(ORDM)

Day-To-Day Activities
(Historic To Current)

. Annual‘Periodic’Cyclic . Predictive/Strategic



“Meta” Views 3 — 6: Four Different
Perspectives of “Asset Management’

 The “Quality Elements” View

 The “Management Framework” View

 The “5 Core Management Questions” View

e The “Core Processes and Practices” View
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"Meta” View 3: The “Quality Elements” View

Information
Systems

Lifecycle
Process &
Practices

Total Asset
Management Plan

Organizational People

Issues ! Issues

F

Sustainable - Best Value
Service Delivery
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“‘Meta” View 4: The “Management
Framework” Perspective

Asset Management Business Processes

<

Asset Management Plans

Strategic Initiatives

Annual Budgets

Operating Budget Capital Budget
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“‘Meta” View 5: The “5 Core Questions” View

Core Questions

1. What is the current state of my assets?
 What do | own?

* Where is it?

* What condition is it in?

 What is its remaining useful life?
 What is its economic value?

2. What is my required sustained Level Of Service?

* What is the demand for my services by my stakeholders?
* What do regulators require?

* What is my actual performance?

3. Given my system, which assets are critical to sustained performance?
+*+ How does it fail? How can it fail?

* What is the likelihood of failure?

+ What does it cost to repair?

+ What are the consequences of failure?

4. What are my best“minimum life-cycle-cost” CIP and O&M strategies?
* What alternative management options exist?
* Which are most feasible for my organization?

5. Given the above, what is my best long-term funding strategy? 18




“Meta” View 6: The “Core Processes and
Practices” View

System Layout; Condition Expected Life : R A
Data Hierarchy; Assess Protocol, Tables; s Balanced Scmm r:'.l
Data Standards; | |Rating Methodologies| |  Decay Curves e YO N | | et
Data Inventory; 4
Dotermine | Determine
(= Inventory Assets Assess Condition Residual Replacement Set Target LOS
| Life I $ & Date
1 |
1
| A4
I Assign Determine Determine \
—— BRE Rating Appropriate Appropriate {® Fund your Strategy Build the AMP
(Criticality) Maintenance | cip i
EMECA: Root Cause; Confidence Level Mgt Plan
Business Risk Exp; RCM e B Polices & Strategy,
Delphi Technique ;:;t":l Siﬂhimidlﬂm Annuity ey e
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Executive
Document

Purpose

Levels of Service

Growth Demand
Lifecycycle Planning
Financial Forecasts
Improvement Plan
Significant Negative Effects
Issues

Introduction
Section - 2

Corporate Overview
Ownership Goals &
Objectives

Activity Business Overview
Asset Management Planning
Process

AMP Development Model

Levels of Service

Section - 3

Customer Expectations
Strategic & Corporate Goals
LTCCP Outcomes (QBL)
Current Service Standards
Target Level of Services
Service Options & Costs
Performance Criteria

LOS related Cap Ex

h & Demand
Section - 4

Key Demand Drivers
Population Growth
Traffic Growth
Regional Development
Strategy

Demand Management
Growth related Cap Ex

MAINTENANCE PLAN
Key Assumption

Asset Activities

Opex Criteria

Opex Plan

Summary of the network
Issues

Lifecycle Management

Section - 5

RENEWAL PLAN

Key Assumptions
Asset Renewal Activites
Renewal Criteria
Renewal Plan

NEW WORKS PLAN
Key Assumption

Capex Evaluation Process
New Works Plan

Risk
Section - 6

Risk Framework
Likelyhood
Consequence

Financial Analysis

Section - 7

Key Assumptions
Confidence Levels
Financial Statements
Financial Projections
Valuation Forecasts
Funding Strategies

Processes & Practices

Section - 8

Current Processes
Asset Strategies
Asset Data & Systems
Target Processes
Target Data & Systems
Gap Analysis

View 8:

The Enterprise
sset

Management

((Metaﬂ

AMP References &
Improvement Plan Acknowledgements
Section - 9 Section - 10

Current Status
Improvemem Programme
Performance Measures
Monitoring & Review

Reports and References
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Asset Management
Plan 2005

Orange County Sanitation District, California

The Total
Asset

' Management

Plan

22



Strategy Objectivel Description

Strategic Planning

M.1 Manage the wastewater system through a structure that
Organisational  maintains a separation between asset management and seivice
Structure defivery to promote accountability, fransparency and efficiency

Asset management staif will be responsible for ensuring the Council
achieves its objeclives for wastewater services through selling,
implementing, ard monstonng of strategy and process.

The aclual delivery of wastewaler services will be coniracted, through
compeditive market mechanisms, to various service providers, who
are concerned with the way the assets are cperated and maintained
in order to meet delined sarvice standards.

M.2 Develop the professional skills of the staff through adequate
Human training and experience,
Resources Training needs will be agreed with staff each year at performance

reviews and a register maintaired to record training history. Staff are

encouraged to belong to appropriate professicnal bodies and to
attend appropriate confierances, seminars and training courses

M3 The Asset Management Plans remain strategic Tiving'
AM Plan decuments and will be reviewed on a regular basis.
Updates The scope of the review will be infuenced by changes in senvice

standards, improved knowledge of assets, introduction of AM
nvmerrerm and corporate sirategyl policy and process.

The Wastewater Asset Manager, Pclicy Advisor and olher senior
management members will be involved in the plan review Dics

M.4 Manage risk exposure by completing an 3
i Wtomﬂﬂeu‘ewﬂmw -

Consuliative mechanisms will indude the Code of Service, custormer
sun/eys and Customer Cal Centre processes.

Vel formoney

Frencel maregement
Martansenice

e Example:
Organizational
AM Strategies

Value for money

Senice conlfruty
Customercortact
Saniee dardas
Legelaive compienoe 23



Inside the AM Metabox

24



Inside the AM Metabox

JUSWISSaSSY uonIpuod
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Inside the AM Metabox

Condition Assessment
Business Risk Exposure

26
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The Nine Fundamental “Building Blocks”

of AAM

Definition
The asset life-cycle

How assets fall
Risk-consequence
Cost/valuation
Asset demand

CIP

AP

| evel of service

Business risk

Confidence in decision-
making

Asset Mgt Plans
Strategic Initiatives

Budgets




This Workshop Focuses on Three

Fundamental Management Decisions:
 What are my work crews doing and where
are they doing it — AND WHY!I?

 What CIP projects should be done and
when?

 When to repair, when to rehab and when to
replace?

These decisions typically account for at least

80% of a Utility’s annual expenditures!




Key to Sustainability — Understanding

How Our Assets Fall

The yin-yang of asset
failure

R

SSa.1S

0]
9JUR]SISOY
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Key to Sustainability — Understanding
How Our Assets Fall

Soil Characteristics Groundwater

| |
Galvabic Action

Physical Loads

\

&F)Ipe Attributes
Internal Corrosion
T Bedding Condition




Key to Sustainable Performance —
Understanding How Our Assets Fall

Initial Design Capability

>I\/Ianagement
Zone

Performance

Time




nnnnnnnnnn

Perfomance.

Key to Sustainability — Understanding
How Our Assets Fall

32
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Key to Sustainability — Understanding
How Our Assets Fall

Findings:

 Only a moderate
relationship
between
preventive
mainte

“Cause of Failure” Analysis
“Failure Mode” Analysis,
Condition-based Monitoring,

Predictive Maintenance &

“Reliability Centered Maintenance”
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Our Investment “Toolkit”

e Maintenance

e Renewal:

— Major Repair —repair beyond normal periodic maintenance,
relatively minor in nature, anticipated in the long-term operation of
the asset; no enhancement of capabilities; typically funded by
operating budget

— Refurbish/Rehabilitation— replacement of a component part or
parts or equivalent intervention sufficient to return the asset to
level of performance above minimum acceptable level; may
iInclude minor enhancement of capabilities; typically funded out of
capital budgets

— Replace

* Without enhancement — substitution of an entire asset with a new or
equivalent asset without enhancement of capabilities

 With enhancement - substitution of an entire asset with a new or
equivalent asset with enhanced capabilities

e Augmentation
34



Failure-mode Based Management
Logic

Some
failures
|
Are Are not
significant significant
Some of _
these S preventive
maintenance
| | | effective?
Cannot be Can be
prevented by prevented by
maintenance maintenance
Redesign, replace Run to failure, faﬁﬁ?gslr&
overhaul repair [,
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Risk/Likelihood

Determining “Significant” Failures: The

Risk — Consequence Trade-off
 What is the likelihood of failure ? (risk)
 What is the cost of failure? (conseguence)

B

Risk/Consequence Relationships
Drive Work Program (O&M & CIP)
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The Big Picture

N

Risk - LOS
Consequence
A N
\ 2
Customer
N\
\ 2
Cost of
Service

peap
Perfomance.

Growth (New Assets)
Augmentation

Capital
Needs

System Renewal

N

\ 4

N

System Improvements

* Environmental
» Levels of Service

O&M
Needs

Maintenance
Program

Operations
& Admin

37
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Perfomance.

Customer Service Demands

- =

Sustained Performance

- =

Executive Mgt

Asset Management Thinking

CIP Finance IT Ops

Maint

Asset Management Tools

AM
Oriented

Structure

38



Better Decisions Produce Real “Savings”

Assessment of Australia’s
advanced asset management
practices suggests:

20% to 30% Future Life
Cycle Cost “Savings” for

US Water/Wastewater
Utilities

“Savings” = savings, cost avoidance, redirection of effort
39



Making The AM Business Case

160 —
Net Total Annual Costs without
140 — AMIP Benefits
Net 120 — Initial AMIP O'I.IUEYE EKp&Cl&dﬂHlp Benefits ““ T o
Total Exceed Initial Benefits $350 Million  _quwus®
An“ual 100 _ "‘Il.llllli'
($ Million) Expected Net Total Annual Cost
- with AMIP Benefits
60 =
40 L @* légot Iébl UL KU LU L o lr{?l
£ o M, M = s
P S H P P $ & F & & & $

Fiscal Year
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AM Payoffs

Total Wantewater Colloction Symism

= Real reduced life cycle {pey
costs - better focused -~

m Best “value per b\)s\(\e,\ right investment,
dollar Sperﬂ'”‘ 7 SISV T |
\>

\
= Col “N\‘,aj\%
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Perfomance.

Realistic Expectations

detailed,

Will event

“puy-in
the who

Ily deploy
Lally require

» commitment of
\e Organ'\zat'\OV\
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“In short:
Asset Management Is A Business Model!”

« What we do

« Why we do it

« How we do it

« Where we invest
 What our costs are
 What our return is

43
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The Five Core AM Questions

Core Questions

1. What is the current state of my assets?
* What do | own?

e Where s it?

 What condition is it in?

* What is its remaining useful life?
 What is its economic value?

2. What is my required sustained Level Of Service?

* What is the demand for my services by my stakeholders?
 What do regulators require?

* What is my actual performance?

3. Given my system, which assets are critical to sustained performance?
*+ How does it fail? How can it fail?

+ What is the likelihood of failure?

+ \What does it cost to repair?

+ What are the consequences of failure?

4. What are my best “minimum life-cycle-cost” CIP and O&M strategies?
* What alternative management options exist?
* Which are most feasible for my organization?

5. Given the above, what is my best long-term funding strategy?
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The 10-Step Asset Management Plan Process

System Layout;
Data Hierarchy;
Data Standards;
Data Inventory

R

Condition
Assess Protocol,
Rating
Methodologies

~_-

Expected Life
Tables;
Decay Curves

Valuation;
Life Cycle Costing

-~

Demand Analysis;
Balanced Scorecard;
Performance Metrics

e =

. Inventory Ass_e_ss Dete_rmine _ Determine Set Target
Assets N Qondltlon, Res-ldual Life Cycle Costs |—, LOS
Failure Modes Life & Replacement $
Assign Determine Determine Fund
—| BRE Rating |—»| Appropriate Appropriate Your Strategy » Build the AMP
(Criticality) Maintenance CIP
e s ) . [ o (s
Business Risk Exp; sl Cagse; Confidence Level Asset Mgt Plan,
Delphi Technique I;g:\\/l/l Rating; Renewal Annuity Polices & Strategy,
ORDM S”ategglRVDal\l/ildation: Annual Budget




Relating the “5 Core Questions” To The “10-Step AMP Process”

1. What is the current state of my assets?

System Layout;
Data Hierarchy;
Data Standards;
Data Inventory

R

Condition
Assess Protocol,
Rating
Methodologies

~_-

2. What is
required LOS?

Expected Life
Tables;
Decay Curves

Valuation;
Life Cycle Costing

-~

Demand Analysis;
Balanced Scorecard;
Performance Metrics

-

AsSsess
Condition,

Failure Modes

Determine
Residual

Life

Determine
Life Cycle Costs
& Replacement $

Set Target
LOS

Inventory
T Assets

—_—

3. Critigal? |4. Best O&M and CIP Strategy? 5. Best Funding Strategy?
Assign Determine Determine Fund
BRE Rating Appropriate Appropriate Your Strate » Build the AMP
(Criticality) Maintenance CIP gy
FMECA,; . ﬁ
Business Risk Exp; Rooltqg&gse, Confidence Level Asset Mgt Plan,
Delphi Technique PAM- Rating; Renewal Annuity Polices & Strategy,
ORDM StrateggR\E)al\l/lldatlon; Annual Budget

T

Perfomance.




The Bear and the Bultterfly
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Day 1
Welcome, Introductions & Housekeeping Details

“Storyline” Introduction, Background And Context
Overview Of Fundamental Concepts & Core Practices

The Storyline: Tom’s Really Bad Day

Core Question 1: What Is The Current State Of My Assets?

Core Question 2: What Is My Required “Sustainable” Level Of
Service?

Core Question 3: Which Assets Are Critical To Sustained
Performance?

Review of Key Slides; Discussion /Q & A
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Manig:

EEEEE

The 10-Step Asset Management Plan Process

System Layout;
Data Hierarchy;
Data Standards;

Condition

Assess Protocol,

Rating

Expected Life

Demand Analysis;

: . Valuation; Balanced Scorecard;
Methodologies Tables; : : ,
% InventOﬁ J i Decay Curves Life Cycle Costing | | performance Metrics
\\\\ //// \\\\ //// J L J L ; ;
Inventor Assess Determine Determine Set Target
“M Assetsy Condition, . Residual Life Cycle Costs LOSg
Failure Modes Life & Replacement $
Assign Determine Determine Fund
-7 BRERating {—| Appropriate —-|  Appropriate Your Strate Build the AMP
(Criticality) Maintenance CIP gy
FMECA; ﬁ

Business Risk Exp;
Delphi Technique

Root Cause;
RCM;
PdM;
ORDM

Confidence Level
Rating;
Strategic Validation;
ORDM

Asset Mgt Plan,
Polices & Strategy;
Annual Budget;
Renewal Annuity

Asset Mgt Plan,
Polices & Strategy,
Annual Budget

7L



The 10-Step Asset Management Plan Process

System Layout;
Data Hierarchy;
Data Standards;
Data Inventory

Condition
Assess Protocol,
Rating
Methodologies

~_-

Expected Life
Tables;
Decay Curves

Valuation;
Life Cycle Costing

-~

Demand Analysis;
Balanced Scorecard;
Performance Metrics

e =

VYT Assess Determine Determine Set Tarqet
| Assetsy Condition, . Residual Life Cycle Costs LOSg
Failure Modes Life & Replacement $
Assign Determine Determine Fund
7 BRE Rating |—| Appropriate —-|  Appropriate Your Strate Build the AMP
(Criticality) Maintenance CIP qy
=l {} {} ﬁ {}

Business Risk Exp;
Delphi Technique

Root Cause;
RCM;
PdM;
ORDM

Confidence Level
Rating;
Strategic Validation;
ORDM

Asset Mgt Plan,
Polices & Strategy;
Annual Budget;
Renewal Annuity

Asset Mgt Plan,
Polices & Strategy,
Annual Budget

T



Question 1: State?

Core Questions

. What is the current state of my assets?

What do | own?

Where is it?

What condition is it in?

What is its remaining useful life?
What is its economic value?

. What is my required sustained Level Of Service?

What is the demand for my services by my stakeholders?
What do regulators require?

What is my actual performance?

3. Given my system, which assets are critical to sustained performance?

How does it fail? How can it fail?
What is the likelihood of failure?

What does it cost to repair?

What are the consequences of failure?

4.

What are my best “ minimum life-cycle-cost” CIP and O&M strategies?
What alternative management options exist?
Which are most feasible for my organization?

- 5. Given the above, what is my best long-term funding strategy?
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Setting the Scene

First some background ....

* Four major failures over the last 18 months
— Electrical switchboard & control panel
— Pump Motor
— Force main failure
— Now the power pole ...

e \What does the station look like... ??
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Tom'’s “System Process Layout”
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Perfomance.

The Jones Street Pump Station

Superstructure ——
Control \ - o0l
Switchboard OWer role
Motors || (i &Transformer
NN
=
Access Stairs | |
T F Caisson
Inlet Sewer u —
X B Drive
J,j Shafts
—
| Pumps
Inlet Screen 8
\ /
[ X
R
7 Wetwell / Dry Well Sump Pump 57
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Gé

Dry

Wet We

mmmmmm

The Planimetric View

antry Crane

Well —_

— ]

7\

Access>lRoaJ1I

Force

Local 7/0ad

“\.Landscay

Security Fence

Incoming Sewers &
Manhole

Planting

Valves

Main &

e

Power Pc
& Teleph
Lines

e
one
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What Is an “Asset Register?

« A systematic recording of all assets that an
organization owns or for which it has
responsiblility

e Bullt around an “asset identification

number” to which attributes can be
attached

==
Manmmml@ Clients
oo S
e
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4

Sources of Data

As-built drawings
Design drawings
Manufacturers Manuals
Bid documents
Schedules of quantities
Staff - current
- previous

Photos and video!

ki
g
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4 4 403

Types of Asset Registers

Hierarchical — Parent child

Category based

Process loops

Spatial Relationships — GPS generated
Business unit responsibilities

Service Provision

61



The Asset Hierarchy

I GRANDPARENT ASSET FACILITY

PARENT ASSET
PARENT ASSETS

CHILD ASSET

GRANDCHILD ASSET

GRANDCHILD ASSET

CHILD ASSETS

CHILD ASSET

GRANDCHILD ASSET

GRANDCHILD ASSET

GRANDCHILD ASSETS

PARENT ASSET

An agency’s data standards are the backbone of its
management capabilities
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Hierarchical Structures

Level 1 Level 2

Sanitation Program I—
—/ Collection Systems I

—| Treatment Systems I
— Disposal Systems I
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Hierarchical Structures

Level 1 Level 2

Sanitation Program I—
— Eastern Systems I

—  Northwest Systems I
—  Southern Systems I
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Hierarchical Structures

Level 2 Level 3

Collection System I—
— Gravity Sewers I

—|  Siphon Structures I
— Pump Stations I
— Force Mains I
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Hierarchical Structures

Level 3 Level 4

Gravity Sewers I—
— Manholes I

— Pipelines l
— House Connections I
— Drop Structures I

—  Sewer Ventilation I 66




Hierarchical Structures

Level 3 Level 4

Pump Stations I__ Inlet Sewer & Screen I
—  Wet Well / Dry Well I

Superstructure I
—  Pumps & Motors I
— Force Main I
— Electrics I
— Controls I
— Land & Surrounds I 67




The “Roll-up” Concept

a /\ Sanitation System

Major Facilities

Child Assets

Grandchild
Components

Spare parts ?

Confidence at the asset level is required to roll up
Costs & Performance with confidence.



The “Maintenance Managed Item” (MMI)

* "Maintenance Managed Item" or
"MMI" refers to the lowest level
of an asset's physical structure
that is to be recognized within
an asset register where the
registry is structured as a
nested hierarchy of physical
assets.

e Typically, an MMI is set at that
level of the hierarchy at which
an asset is individually
maintained or at which
management decisions to
repair, refurbish or replace are
made.
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http://www.chopperpumps.com/products/elecsub.asp

Maintenance Managed Items

PIPE ELEMENTS

- Manholes Individual manholes

- Pipelines Pipelines between manholes

- House Connections House connections per pipeline

PUMP STATIONS Split into pump well structure, inlet screens and

valves, pumps, controls, electrics, rising main, valves,
superstructure, ladders and landings

MAJOR FACILITIES Split into individual assets

Then split into individual components

e Civil elements

e Mechanical elements

e Electrical elements

e Other items




Using the Process Layout to
Help Build the Register

To Aeration

1 “ranis i

\
T See Detailed Schematic of Blower

System Below
— _ AirDischarge Headhi‘
|  Check Valve |—7 / / % /

1 2 3| ia] s
25,000 40,000 40,000 - | 40,000 |: 25,000
. CFM CFM CFM : CFM CFM
| Cenmqual Blower Blower Blower Blower - | Blower : Blower
System System System .| System | : System

[Butterfly Valve| — X Y \
& & R S
| Venturi Meter |-———( —| —( S |

| Silencer |—~ * n -] CC O 7

Air Intake Duct

.. Filter ’\

T - Air Intake —» -

Louver Damper |

I~~~
/

| |




Using the Process Layout to

Help Build the Register

Silencer

Bearing Temp. Sensor < }
Valve Actuator
| ‘ 1

XX

Blower Bearing

-

Flow Meter  Butterfly Valve

Check Valve

Centrifugal Blower

4@ Auxiliary Oil Pump

Qil Cooler

Bearing Temp. Sensor
Blower Bearing

Coupling

Bearing Temp. Sensor
Motor Bearing

Cooler

Electric Motor

Motor Cooling Fan

Bearing Temp. Sensor @—m
Motor Bearing

Motor Starter and Control

72



Tying Data to the Hierarchy

HIERARCHY

AGAINST “Maintenance Managed Item”
(M.M.1.) LEVEL

MAINTENANCE DATA

e Planned or unplanned

+ labor
+ materials / spares
+ plant

 Indirect impact on customers
e Failure codes

e Activity codes

WHAT LEVEL IS WARRANTED?



Data — “Confidence Levels”

“Confidence Level” here means the confidence the decision-maker has
that the decision rendered is the very best solution at the right time.

40%

55%

/0%

85%

95%
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AM Data levels — Costs .

Levels of Hierarchy - Staging

SERVICE TYPE STAGES COSTS

Facility

Parent Assets

Assets

1 @ | x17
Y} (3 | x25
}@ x4.5

Components

Sub Components

Spares




Asset Hierarchy

12 3 456

7 8

* TreePad Business Edition - WasteWater

Fila Edk Search View Irsert Format Tooks HTML

Sanitation System

Disposal System

Collection System

Treatment Plants |

Westerly Treatment Plant
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The “Data Standard”

* AssetID naming TGiaja(sia(zie slol (o) el o015 1111»/b] @bl =)
I [0S Varkae | [ [ov729 [FZBoLvER ST FlowBasn  [[E08D
Conventlon D5 Manhole iﬁ[‘aiw-m [347 CORONADGD 5T
e Attributes ““”“‘“:::L:wm&ﬁ:;nlﬂwmrmlcm] T
« Record layout e — =
Location [ [F [EsmiEiack vard Maeid I ee
o Database e Twe  |[] [ [Forceton TI||][|3_|N;A
architecture & e e
pl‘OtOCO| Dis/Height fi) |§Fa_ Cooncty(cts) | [AE7
Pipe Widh ) | I_ 1o | D24 |
» Data collection e
prOtOCO IS Flocad 1 ol 465  WiwHiods | [Asads
= 77
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Asset ID Naming Convention Issues

 What Is “an asset” (what gets a unigue 1D?)
e “Linear” (pipe) versus “vertical” (plant)
assets
— Geo-reference
— CAD versus GIS
o Active versus passive
— Lock-out/tag-out

— “Asset ID” versus “asset location” for mobile
assets
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“How Will I Use This Info” Drives
Collection Strategy

DATA/ATTRIBUTE |  SOURCE |  LEVEL |  USE |
| AssetHierarchical Stucture | Synergen/Drawings [ Asset | |
| AssetD/Number | Synergen/DataStandard  [Asset [ |
| AssetType | Synergen/DamStandard  [Asset | |

Last Rehab Date
Drawings / Field Inspection CoF, Valuation

USE
Size / Capacity Unit Drawings / Field Inspection CoF, Valuation
Drawings / Field Inspection
Drawings / Field Inspection
[ oF
' F
oF

0

‘Delphi
Existing Planned CIP
Field Inspection, ‘Delphi [ Asset [ |

Length Unit Drawings / Field Inspection
Reliabil




The Data Standard:

Assel D =

* Physical Attributes

 Geo-reference

* O&M Manuals

e Drawings/Photos

r

P;;marycéstUn n ST TREATMINE LA ycated Cost

Direct Labor Tu SeoITIImLL
TRy $105.00
S pea $3.00
 Life Cycle Costs =@

Materials

e $70.73
192.00

« Knowledge & Strategy =
80
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Generating Registry Data — Two Different
Tasks

Retrospective (“What
we already have”)
— “Critical first”

— Use existing crews as
they respond to Work
Orders

— Engineering students

* Prospective (“What
we are about to
acquire”)

— Tie to “commissioning/
handover” process

— Use contract retainage
to control
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New Technology — Recording Data
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Perfomance.

Data Responsibilities — Pump Station?

Who has responsibilities in your Agency?

= Asset Detalls Operations

= Condition Assessment Maintenance

= Asset Values Engineering

= Residual Physical Lives Engineering

= Probability of Failure Maintenance

= Consequence of Failure Engineering

= Business Risk Exposure Engineering

=> Optimal Renewal Strategy || Maint/Engineering
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Ensuring Business Uniformity

Sanitation
Agency 1%
| | | | |
Collection Trunk Pump Treatment Disposal Reuse
Sewers Sewers Stations Plant system system
7304 85% 55% 70% 75% 74%
Land &
Surround
60%

RATING THE INDIVIDUAL DEMANDS FOR RESOURCES
BY USING CONFIDENCE LEVEL SCORES
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Exercise Number|1la

Help Tom develop his first asset register for
the pump station using the data provided:

* Prologue

e Layout plans

 The Excel worksheets in your packet
e Your own knowledge and experience
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Exercise Number|la Cont.

Using a “Delphi” approach:
e Develop a “system process layout” for Tom

* Develop a register that you think i1s needed
to manage the pump station

o Set the level of the maintenance managed
item (“MMI”) to the level of hierarchy that
you think is needed.
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Perfomance.

Q1: What Is the State of My Assets?

Qlb: What condition is it in and what is its remaining
physical life?
How do we assess condition ?
Why should we assess asset condition ?
What are the four major failure modes ?
What is the importance of “remaining useful life”?
How might we determine “remaining useful life”?



The 10-Step Asset Management Plan Process

System Layout; Condition
Data Hierarchy; Assess Protocol, _
Data Standards; Rating Expected Life o Demand Analysis;
’ e bles: Valuation; Balanced Scorecard;
Data Inventory ethodologies Tables; Life Cycle Costing || perf T
J L Decay Curves erformance Metrics
<4 L J T J C J_C
Inventor Assess Determine Determine Set Target
T Assetsy Condition, o Residual Life Cycle Costs LOSg
| Failure Modes Life & Replacement $
I
|
1
1
I
. l
1
1
I Assign Determine Determine Fund
'---<1 BRERating L»| Appropriate —-|  Appropriate Build the AMP
. : Your Strategy
(Criticality) Maintenance CIP
FMECA, : ﬁ
Business Risk Exp; Rooltqg&gse, Confidence Level ASEIE WIS (PIET _ Asset Mgt Plan,
Delphi Technique ; Rating: Polices & Strategy; Poli 2 Strat
PdM; - o Annual Budget; 011ces rategy,
SR Strategic Validation; get, Annual Budget
ORDM Renewal Annuity
E=cho el o
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All Assets Deteriorate and Eventually Fall...

. How to minimize the total life-cycle
cost of managing the failure process?

Sediment build-up

Increasingly restricts flow Cleaning & relining adds
50 years life
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Fundamental Principle

« Condition is important only to the extent
that It provides insight into
— The nature of possible failure

e |ts root cause
e Its pattern (the shape of the “decay curve”)

— The likely timing of failure (residual functional
life)
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Typical Condition Assessment Techniques

1. Visual inspection
2. Non-destructive testing
3. Destructive testing



Evolution of Methods to Inventory and Document
Structural Collection System Conditions:

Smoke Testing
Dye Testing

L

Lamping

Video Inspection (CCTV)
Sonar

Ground Penetrating Radar




Evolution of Technology: Alignment
Inspection and Correction Data

e Coupling Failure
« Bearing Failure




Example: Early Forms of Condition
Definitions and Ranking Criteria

Condition Class 1:

Condition Class 2:

Condition Class 3:

Condition Class 4:

Condition Class 5:

Condition Class 6:

Damage to be
repaired
immediately
Damage to be
repaired within
1 year
Damage to be
repaired within
3 years
Damage to be
repaired within
7 years
Damage to be
repaired in the
course of other

construction work

No damage

Urgent repairs
To meet emergency situations
To meet legal requirements
Necessary repairs
To eliminate safety hazards and code violations
To meet contractual obligations
To perform required renovations or repair
Desired repairs
To replace equipment
To extend or enhance service
To match funds

. Ongoing repairs

To continue work in progress
Deferrable repairs

To perform non-essential renovations/improvements
To perform projects with questionable need or with timing

problems




Example: Evolving Collection System Rating Structure

» Pipe Rise/Joint Offset e Joints with Roots
1. Minor — not critical 1. Some root penetration — no blockage
2. Moderate — not critical to flow pattern 2. More established root presence — minimal blockage
3. Significant — possible infiltration source 3. 0.5 of pipe blocked — possible infiltration and flow restriction
4. Severe — pipe offset impeded/obstructed flow, probable infiltration 4. Near total blockage — probable infiltration and flow restriction

source = Pipe Break

* Pipe Dip . Minor Break — no structural impairment
1. Length 0-10 feet — not critical . Break with separation — structural impairment not immanent
2. Length 11-20 feet — causes minor velocity reductions . Break with separation/partial collapse immanent structural
3. Length 21-30 feet — causes solids to settle in pipe failure
4. Length >31 feet — can cause significant solids buildup . Severe breakage requiring immediate attention to maintain

e Joint Infiltration flow
1. Slow drip = Debris Blocking Pipe

2. Steady drip 1. Minor debris — minimal flow restriction

3. Continuous flow — moderate 2. Moderate debris — minor flow restriction

4. Continuous flow — severe 3. Significant debris — moderate flow restriction
» Mineral Buildup (at joint) 4. Severe debris — near total flow restriction

1. Deposit on wall without any noticeable flow restriction — * Pipe Cracks
not critical 1. Hairline no structural impairment

2. 0.25 Reduction in pipe diameter, some flow restriction 2. Crack with separation structural impairment not immanent
3. 0.25-0.5 Reduction in pipe diameter, significant flow restriction 3. Crack with separation/partial collapse immanent structural

4. >0.5 Reduction in pipe diameter, camera unable pass — severe failure
flow Reduction 4. Severe crack requiring immediate attention to maintain flow

e Laterals with Roots (house lateral) e Lateral protrusion
1. Some root penetration — no blockage 1. <1" minimal flow restriction
2. More established root presence — minimal blockage 2. >1" moderate but not critical to flow pattern
3. 0.5 of lateral is blocked — possible infiltration and flow restriction 3. 0.5-0.75 full pipe blocked — severe flow restriction
4. Near total blockage — probable infiltration and flow restriction 4. 0.75 full pipe blocked — severe flow restriction




Emergent “National” Standards - Pipes

*Structural defect scores - Pipe sewers

M ( _) Defect MsCC Descripticn Seore

R - Cods
- N3 Longtudinally oM TNegium < 1"pipe thickness 3
displaced joint / WL Large = * pipe thickness 2
Open joink | scil visible grade a8 a hole 165
JOi | Madium < 1* pipe thickness 1
dsplaced joint L cAge > ¥ ppe e <
= 10% diameter & sol visible B0
Cracked cE Circurmferential 10
CL Longitudinal® 0
Complax* 40
_ Heticar 40

CM
Fractured _FC _Cn:umluenhd' 40
[ P FL Lengtugnal 40
— e i o |Complex 80
- Hedical 80

. L] ] 7] FM
Braken B BO
| Radial extent <35 BO
RS T YT R i " Radial extent Y+ 185

11 1 M
PACP” - Pipe Assessment Corapsed x 16
ifi i * Abetract from Rabs Marxal (Fourth
Certification Program R Ryt P B

National Association of Sewer Service Companies (NASSCO)

Water Research Centre (WRc), Manual of Defect Classification




Condition Assessment Protocols
(CAP’S)

Which assets? What information? How used?

CAP1 - A simple scoring system e.g.
good,fair,poor or 1-3,1-5 or 1-10

CAP2 - A matrix scoring system with
multiple distress factors and
weightings to derive a score

CAP3 - Use of sophisticated techniques
to determine the “residual life to
intervention” or end of physical life



Characteristics of a Good Condition
Assessment Protocol

A good condition assessment protocol is:

 Focused on “remaining useful life” rather than just
“good/fair/poor”

o Carefully defined

— Written protocol
« Built around “business risk exposure” (critical assets)

e Consistently applied
— Across time
— Across “inspectors”

o Cost effective
— Uses “smart data collection” techniques
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Example: Condition Assessment Protocol 1

Condition Assessment CAP 1 (0to 5)

Condition Rating

Description

Maintenance Level

Degree of Replacement

0

a b wdN Pk

NEW

PERFECT/EXCELLENT CONDITION
MINOR DEFECTS ONLY

BACKLOG MAINTENANCE REQUIRED
REQUIRES MAJOR RENEWAL

ASSET ALMOST UNSERVICEABLE

Normal
Normal
Minor
Significant
Renew
Replace

0%
0%
5%
10-20%
20-40%
>50%




Condition Assessment Protocol “1.5”

Expanded 6 Point Scale

4.1
4.3

4.5 Refine CAP Scale

- e ~ ToFit
_ 5 0 Relative Distress

51 Of Assets

5.2
5.3
5.4
5.9
5.6
5.7
5.8
5.9

6 point Scale

oo wnNhNdDPEFE O




Example: Condition Assessment Protocol 2

(\5‘0(\6

e
- |stress Modes ‘Ratmg 1- S‘Welghtmg | Score I

Corrosion

Vibration

C

Perfiormance

Condition Rating
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Exan ple Condition Assessment Protocol 3
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1.

2.

4.

5.

Smart Data Collection

“Criticality” Driven (BRE)
— Focus on high risk, high consequence assets first

“Pareto” Profiled
—  “20% of assets cause 80% of problems”

Sampling Approach
—  “Criticality based” sampling
— Filtered levels of sophistication

Failure Mode Guided
— Do | even need condition data?

“Root cause” (“Bayesian probability”) driven
(SCRAPS)

Supplement with “Valued Judgment”/"Delphi”
approach
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1. Smart Data Collection:
“Criticality” Driven — Business Risk Exposure

 What is the likelihood of failure ? (risk)
 What is the cost of failure? (conseguence)

L
Q
=

B

Look for high risk & high conseqguence assets

Risk/Likelihood




2. Smart Data Collection:
“Pareto” Profiled — The “Trouble” Assets

“The 80/20 Rule”

# Work Orders Do we know our 20%?

Asset ID
105



3a. Smart Data Collection:
Stepped Sampling

— Valid statistically-based sampling can render
virtually the same level of decision confidence
at far less cost:

« Use larger samples for more “critical” assets,
smaller samples for less critical

e Build samples around “root causes” of failure
— Understand our failure modes!
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3b. Smart Data Collection:
A Stepped Approach to Filtering

Advanced CAP 3
IS 5% Assets
*§ Level 3
k7
20% AsS et> Intermediate CAP 2
ks
D

100% CAP 1

~

Time 107



4. The Four Major Failure Modes

Management
Mode Definition Tactical Aspects Strategy

1. Capacit Volume of demand Growth, system expansion i
pacity exceeds design capacity 4 > Redesign

Codes/permits: NPDES, CSOs,

Functional requirements SSOs, OSHA, noise, R ;
. " . . edesign
2.L0S exceed design capability odor, life safety; service, etc 9
Consumption of asset Physical deterioration due to
: : : O&M,
3. Mortahty reduces performance below age, usage (including operator
an acceptable minimum level error), acts of nature Renewal

Performs ok, but cost of

4. Efficiency operation exceeds that of “Pay-back” period Replace
feasible alternatives
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Condition and the “Decay Curve’

» Condition gives us
Insight as to: S
1. The shape and nature of |
the decay or failure
curve
2. Where the asset is
currently on the decay ;
curve O I B B SRR
3. A reasonable estimate ——
of remaining useful life (o] o |
e 109



“Practically” Developing a Decay Curve

h Modify Condition Decay Curve

Curve Description: IEurveh [78Years)

« “Longitudinal” data (“panel” study)

Graph | Details |

— Systematically gathered condition :
data acquired year after year over the |
life of the same asset or set of assets i
« “Latitudinal” data
— Done one time where condition data 54
IS gathered for the same type of asset 5
but of different ages (multiple assets) :
0 10 20 30 , r(lyﬂears) 50 B0 70 80
Update Resson.  [4dd =

1] 4 | Catiel |

“* Two data points are better than none;
four better than two: ten better than four; etc”
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Tying “Condition” to “Failure”

EXCELLENT

0

“Decay” or “Failure” Curve

25
GOOD

50
MINIMUM ASSET STANDARD
FAIR

75

Z O — 4= 0200

100 poor
S5 Yrs 10 Yrs 15 yrs 20 Yrs
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Perfomance.

5. Smart Data Collection:
“Bayesian” (Root Cause) Driven

“Valued judgment” is used to assign failure
variables and propositions (sequences of
causes of failure)

“Valued judgment” used to assign conditional
probabilities (likelihood of occurrence)

“Causal path” networks are developed relating
“root cause” to functional failure

Probabillities are assigned to each of the path
elements
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What is SCRAPS?
Sewer

= About SCRAPS @

Cataloging, @ SCRAPS

Version 2.0.23

Retrieval
And

. P Sewer Cataloging, Retrival, and Prioritizaition System.
E)__ This tool is distributed by WERF. http://www.werf.org/

SCRAPS

This application makes use of the HUGIN Bayesian e T

Prioritization | Zisiesaini=" e
http: //vaww. hugin. com/ System Info...

System

Courtesy WERF & Brown & Caldwell
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Bayesian Probability Example

* Proposition: Sewer joint failures are
common when the sewer is In marshy

soll without support
e Or
— If probabillity of marshy soil = High
— And probability of sufficient support = Low
— Then P(Joint Failure) = High
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SCRAPS’ Bayesian “Logic Structure”

Likelihood of Failure Consequence of Failure
Quverall Structural Defects

Overall Operational Defects
Reconstruction Impacts

Socio-Economic Impacts

Structural Defects Infiltration

Material Degradation

Interior Corrosion

Operational Defects

Exterior Corrosion

From WERF's SCRAPS
Developed by Brown & Caldwell 145



Default Data Manager

2% Default Table Set up

Default Pipe Data Manager

o l:-?.pcci_l.-ddml miloifnahon that can be ?Hd I%nw
ppes. Speciy detault mbomaton o each of the Hasng, Select
& Basn bo viewyedit delaudt mloimation Choose Basin

K

¥ Requeed Information

1. General and Histoncal Pipe Information 2 Pravious Inspechion of Improvemants 3. Pipe Ervanonment Charactedstcs

To. Wasztewater Volume and T Te. Overilow: and Heleasres
= Hegured infomaton S i L ol

Year Installed” Material S R iy o Coptiond & ﬁmmwmmm T

[0 [Conciete || ko =] [seay -] beer cbisarved? If o, wht
Redundancy wias the fiequency?

Diamiatar Irveert Dapth® S bps™ 5 S Eair o FowS -

iz i 0007 |Parabil System Eseats ce Flow Swap =l TR
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[« 5 pes 1000 [res -]
Exterior Coating Irkeior Costing
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1g. Construction History

Courtesy WERF & Brown & Caldwell 116
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Determining “Remaining Useful Life”

e Level 1l
— Effective Life Table

e Level 2

— Effective Life Table + Modification Factors
e Level 3

— Direct observation Tables

e Level4
— Condition/decay-curve Based Tables
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The “Table of Effective Lives” Approach

sources:

— Manufacturers
— Industry Associations

— GASB
— Colleagues

— Consultant Engineers

— Research

Effective Lives (Years)

Class Asset Type Effective Lives
1 |Civil 75
2 |Pressure Pipework 60
3 |Sewers 100
4 |Pumps 40
5 |Vvalves 30
6 [Motors 35
7 |Electrical 30
8 [Controls 25
9 |Building Assets 30
10 |Land 300

 Professional associations

e Universities

— International community

119




Amending Standard Effective Lives

Average
Effective Life
Tables

Impacts that
reduce
life

Design Life :

Actual Effective Physical Life :




Amending Standard Effective Lives

Average
Effective Life
Tables

Impacts that Impacts that

red_uce : Increase
life \ / life

Actual Effective Physical Life

Design Life




Level 2 - 3
Standard Effective Life Variation Factor Matrix

IMPACT RATING FACTORS
FACTORS 1 5 2 . -

1 DESIGN STANDARDS +10% 5% | 0% -5% | -10%
2 CONSTRUCTION QUAL. | +10% 5% | 0% -5% | -10%
3 MATERIAL QUALITY +10% 5% | 0% -5% | -10%
4 OPERATIONAL HISTORY | +10% 5% | 0% -5% | -10%
5 MAINTENANCE HISTORY| +10% 5% | 0% -5% | -10%
6 OPERATING ENVIRONM. | +10% 5% | 0% -5% | -10%
7/ EXTERNAL STRESSES +10% 5% | 0% -5% | -10%




The “% of Effective Life Consumed” Concept

EXCELLENT ,f\

nnnnnnnnn

Z O~ 44— 0OzZ2 00

mmmmmm

0

25

50

75

REPLACEMENT VALUE (OF PORTFOLIO)

DISTRIBUTION OF
X ASSET CONDITION

T~ XX

WRITTEN DOWN Ko MCEOA,\ITID?TSICS)ET
VALUE (PORTFOLIO) \ Axx\
Y.

MINIMUM ASSET STANDARD X

% OF ASSETS SNB%
BELOW STANDARDS

25% 50% 75% 100%
% of Effective Life Consumed



Condition-Based Conversion Table
Approach

Effective Lives (Years) Condition Rating / Residual Life
Asset Type Effective Lives 1 2 3 4 5

Civil 75 75 60 45 30 15
Pressure Pipework 60 60 48 36 24 12
Sewers 100 100 80 60 40 20
Pumps 40 40 32 24 16 8

Motors 35 35 28 21 14 7

Electrical 30 30 24 18 12 6

Controls 25 125 20 15 10 5
Building Assets 60 60 48 36 24 12

These relationships may be linear or non-linear
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Conditon - Residual Life Factors Condition/Residual Life
Asset Type Effective Lives] 1 2 3 4 5 6 7 8 9 10
Motor bearing 09| 08] 07| 06] 05| 04] 03[ 02 ] 0.1 0
Bearing temp sensor 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0
Cooling motor 091 08] 07] 06| 05| 04| 03| 02 ] 0.1 0
Electric motor 09] 08] 07| 06 )] 05| 04] 03| 02] 0.1 0
Coupling 09| 08] 07| 06 ] 05| 04] 03| 02 ] 0.1 0
Blower bearing 091 08] 07] 06 ] 05] 04| 03| 02 ] 0.1 0
Centrifugal blower 09]1] 08] 07] 06| 05| 04| 03| 0.2 ] 0.1 0
Front blower bearing 091 08] 07] 06 ] 05] 04| 03| 02 ] 0.1 0
Discharge check valve 09] 08| 07] 06] 05] 04] 03] 021] 0.1 0
Input butterfly valve 091 08] 07] 06 )] 05] 04 ] 03| 02| 0.1 0
Silencer 091 08| 07 06 | 05| 04| 03| 02] 01 0

Condition Based Effective Lives Condition/Residual Life
Asset Type Effective Lives] 1 2 3 4 5 6 7 8 g 10
Motor bearing 25 225 20 | 175 15 | 125| 10 7.5 5 2.5 0
Bearing temp sensor 20 18 16 14 12 10 8 6 4 2 0
Cooling motor 40 36 32 28 24 20 16 12 8 4 0
Electric motor 75 675] 60 | 525| 45 | 375| 30 | 225 | 15 7.5 0
Coupling 15 135] 12 | 105 9 7.5 6 4.5 3 1.5 0
Blower bearing 25 225 20 | 175 15 | 125 10 7.5 5 2.5 0
Centrifugal blower 75 675 60 | 525| 45 | 375 30 | 225 15 7.5 0
Front blower bearing 25 225 | 20 | 175 15 | 125 10 7.5 5 2.5 0
Discharge check valve 25 225 20 | 175 15 | 125 | 10 7.5 5 2.5 0
Input butterfly valve 25 225 20 | 175 15 | 125 10 7.5 5 2.5 0
=4 Silencer 75 675 60 | 525 | 45 | 375]| 30 | 225| 15 7.5 0




Note!

Condition assessment Is not an end in itself, but
IS a means to an end

The “end” is to determine “remaining useful life”

“Good”, “Fair”, “Poor” type ratings have little utility
unless they lead to an effective estimate of
remaining useful life

The remaining useful life of an asset is what
we have left to try to manage
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This is calculatet

Sheet B on the Exercise Spreadsheet

Effective Lives (Years)

Civil 75
Pressure Pipework 60
Sewers 100
Pumps 40
Motors 35
Electrical 30
Controls 25
Building Assets 60

based on class of asset you assign

— you need to modify if it Is not a reasonable estimate
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Sheet B on the Exercise Spreadsheet

Effective Lives (Years) Condition Rating / Residual Life

Asset Type Effective Lives 1 2 3 4 5
Civil 75 75 60 45 30 15
Pressure Pipework 60 60 48 36 24 12
Sewers 100 100 80 60 40 20
Pumps 40 40 32 24 16 8
Motors 35 35 28 21 14 I
Electrical 30 30 24 18 12 6
Controls 25 25 20 15 10 5
Building Assets 60 60 48 36 24 12

This is calculateéd — you only have to rate condition
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Exercise Numben 1b

Help Tom develop an understanding of the physical
condition of the assets and components in the
pump station :

e Use your asset register

o First, let’s add data about the date the assets
were acquired and a “best estimate” of their
original cost (in current $)

— 129
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Perfomance.

Exercise Number 1b

Now help Tom develop an understanding of the physical
condition of the assets and components in the pump
station :

— Use your asset register

— Set the “Base Effective Life” using Tab A

— ldentify an initial “Major Failure Mode”

— Rate the condition using the condition assessment table (Tab B)
— Set the appropriate Base Life Adjustment Factor (Tab A)

The spreadsheet will then calculate
— the Adjusted Expected Life,
— an estimate of the Residual Life, and
— the % of the asset that has been consumed
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Q1: What Is the State of My Assets?

Qlc: What is the value of my assets?
Why is “value” important?
How Is “value” determined?



— —

The 10-Step Asset Management Plan Process

System Layout; Condition
Data Hierarchy; Assess Protocol, -
Data Standards; Rating Expected Life luation: DIETTENE] Al el
Data Inventory Methodologies Tables; Life \C/:a ulat|c(:)n, . Balanced Scorecard;
Decay Curves ycle Costing || Performance Metrics
4 C < L J C J_C
Inventory Ass_e_ss Dete-rmine | Determine Set Target
Assets Qondltlon, . Res-ldual Life Cycle Costs LOS
Failure Modes Life & Replacement $
Assign Determine Determine Fund
7 BRE Rating |—| Appropriate —-|  Appropriate Your Strategy Build the AMP
(Criticality) Maintenance CIP
FMECA; ﬁ

Business Risk Exp;
Delphi Technique

Root Cause;
RCM;
PdM;
ORDM

Confidence Level
Rating;
Strategic Validation;
ORDM

Asset Mgt Plan,
Polices & Strategy;
Annual Budget;
Renewal Annuity

Asset Mgt Plan,
Polices & Strategy,
Annual Budget

LI




Definitions — “Cost”

e Cost - The direct and indirect impact (specifically negative impact) of an activity, including money,
time, labor, disruption, goodwill, political and intangible items.

e Capital Cost - The cost associated with the development of a project, including site acquisition,
design, construction, interim financing, and project management or the cost incurred by the agency
in procuring additional or upgraded assets.

. Cost-In-Use - The cost of ownership including operating, maintenance, cleaning, alterations,
replacement and support costs.

e Current Cost - The cost of an asset measured by reference to the lowest cost at which the gross
future economic benefits embodied in the asset could currently be obtained in the normal course of
business.

The cost of the future economic benefits expected to be derived from
use of the asset, estimated as the current cost of the future economic benefits of the most
appropriate replacement facility.

e Current Reproduction Cost - The current cost of reproducing (replicating) the asset in terms of
both scale and technology.

e Estimated Total Cost - All costs of a capital nature that are required to bring a project to
completion. Costs include planning, construction, land and equipment. Does not include operating
costs, staffing costs and the cost of maintenance and refurbishment that are included in whole of life
costs.

The total cost of an item throughout its life, including the costs of planning,
design, acquisition, operations, maintenance, and disposal, less any residual value, or the total cost
of providing, owning, and maintaining a building or component over a predetermined evaluation
period.

- Recurrent Costs - All costs, including the cost of finance, incurred in holding and operating an
asset. Source:

 Whole-of-Life Costs - All costs involved in a project including the capital costs (planning,
construction, land and equipment) and the operating costs (staffing costs and the costs of
maintenance and refurbishment).
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AAM’s Two Major Cost “Perspectives”

 Direct Life Cycle Costs

— Acquisition
— Operation
— Maintenance

— Renew
e Repair
* Rehabilitate
* Replace

— Dispose/Decommission

e “Economic” Costs

— Financial Costs

» Direct Costs to the
Government
Organization

» Direct Customer Costs
o Community Costs

— “Triple Bottom Line”
* Financial/economic
e Social
 Environmental

nnnnnnnnnn
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The Nature of Life-Cycle Costs

A CUMULATIVE COSTS
OVER ASSET LIFE

i -

DISPOSAL AND
REPLACEMENT

COSTS

CASH REQUIREMENTS
OF ASSETS

A

\ % EFFECTIVE LIFE

100%

|

CREATE OPERATE &
MAINTAIN

RENEW
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Defining Life Cycle Costs

Life Cycle Cost = (Original cost — salvage value)

+ operating costs + maintenance costs + rehab
costs + decommissioning costs
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Determining Life Cycle Costs

AUDIT & DEMAND
REVIEW ANALYSIS
) PLANNING
Direct Costs: @ STRATEGIES

Labor
RS
Equipment

RENEW/ ACCOUNTING & COST OF
REHABILITATE ECONOMICS SERVICE
ASSESS
RISKS & OPERATE
INVESTMENTS

MONITOR
CONDITION &
PERFORMANCI

1. Cost Tracking 2. Cost Allocation

Primary Cost Unit Minor code Number of Units $/Unit Allocated Cost

— CMMS integrated to s
financial system e R . ——
— Activity Based L — —— N —
Accounting set up LA G (-
— Storage over time

Depreciation

=
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Life Cycle Costing — It's About
Understanding Drivers &Trends!

To?ay
\"F}
o | $ Operations Trend
>
O

$ Maintenance Trend

Time
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Measuring “Full Economic Costs”

. Direct Costs to the Local Government
Repair and return to service costs

Service outage mitigation costs

Utility emergency response costs

Public safety costs

Admin & legal costs of damage settlements
(Lost product costs)

oOuhwWNE

1. Direct Customer Costs

Property damage costs (including restoration of business)
Service outage costs

Service outage mitigation and substitution costs

Access impairment and travel delay costs

Health damages

akrwbdE

1. Community Costs

Emotional strain/welfare

Environmental Pollution, erosion, sedimentation
Destruction of/damage to habitat

“Attractability” (tourist, economic)

W e

139



Definitions — “Value”

Condition Based Value - The current value of the asset, generally measured as the
replacement cost less the monetary value associated with the actual deterioration of
its condition.

Current Market Value - The amount for which an asset could be exchanged, or a
liability settled, between knowledgeable, willing parties in an arm’s length transaction.

Current Value - The value of an asset at the present time. It may be estimated from
the current market value or where the market is deficient, by other methods such as
depreciated value using current cost accounting.

— Value of an asset as determined using
Generally Accepted Accounting Principles and as reflected on the balance sheet.

Deprival Value - The direct and indirect loss which might be incurred by an
organization if it were deprived of an asset; it assumes replacement of that which
needs to be replaced rather than that which presently exists, hence factoring in
current utilization of the asset.

Disposal Value - See “Net Market Value” below.
Insurance Value - The value on which insurance premiums are based.

Net Market Value - The amount that could be expected to be received from the
disposal of an asset in an orderly market after deducting costs expected to be incurred
when realizing the proceeds of the disposal.

— The current cost to substitute an entire asset with a new or
equivalent asset without enhancement of capabilities.

mmmmmm

Residual Value - The net amount expected to be recovered on disposal of a

depreciable asset at the end of its useful life. 140



The Valuation Perspective

e Macro view

— Financials Aggregation of all assets
— GASB

e Micro view
— Life-cycle cost
— Economic life

— Optimal Renewal
Decision Making

The individual asset
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GASB - How GAAP Is Set

Financiaiccounting Foundation A not-for-profit
agency—not a

GAF) government entity

Financial Accounting Standards Board Governmental Accounting Standards Board
(FASB) (GASB)

Governmental

Individual Task Accounting Standards Individual Task
Forces Advisory Forces

Council (GASAC)

Financial Accounting
Standards Advisory
Council (FASC)
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What GAAP |s All About
Practices And Procedures By Which Governments:

Source Documents
Tax Receipts Record
Paychecks financial

Invoice payments transactions

Debt payments

\

Journal
Ledger
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What It's All About: the Financial Perspective

Wealth
(Snapshot)

Perfomance.

“Profit”

(Revenue less

expenses over

specific period
of time)

Cash Flow

(Over specific
period of time)
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What is the Story to Be Told? —
“Disclosure” & “Financial Condition”

e Financial condition — a government’s ability to
provide services as committed and to meet
obligations as they fall due:

— A. Liquidity
— B Solvency

. Cash solvency — the capacity for the utility to cover its
cash obligations over the next 30 to 60 days;

. Budgetary solvency — the capacity for the utility to cover
budget appropriations within the current budget cycle;

. Structural (long term) solvency — the relationship of assets
to long term liabilities over time; and

. Service level solvency — the capacity for the utility to
maintain a target Level of Service over multiple budget
cycles.

C. Fiscal Capacit




Reporting of Capital Assets

* One of the main goals of the new reporting
model Is to provide information about the “full
cost” of providing government services.

» Cost of services must include the consumption of
capital resources used to provide those services.

* Two techniques for estimating those
“consumption of capital” costs are available:

— Depreciation
— “Modified” (preservation) method
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Why Two Methods of Valuation?
Finite-lived versus Indefinite-lived Capital Assets:

“Consumable” Assets: “Preservable” Assets:

* Vehicles Roads
e Equipment Bridges
e Metal Building Stormwater Systems
e Signs Water/Sewer
e Furniture and *Collection systems
Fixtures *Distribution systems
*Treatment Plants
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Basic Depreciation Method

e Straight line depreciation
— easy to apply but rarely a true reflection of decay

original useful
cost life

/raight Line

Value

“Book Value”

0% 20% 50% 100%
Effective Life 148



Condition-Based Depreciation

CB Depreciated Cost = (Life to date/estimated useful life)N * Original Cost

Renewal cost = (% Effective Life Consumed)N * Replacement Cost

Major passive assets, N = 4
Architectural passive assets, N = 3
Mech/elec & other dynamic assets, N = 2

«<— Condition Based Value (Say, N = 4)
Value - «— Condittoq Based Value (Say, N = 3)

0% 20% 50% 100%
% Effective Life Consumed



Introducing “Economic Life”

Economic life:

e The period from the acquisition of the
asset to the time when the asset, while
physically able to provide a service, ceases
to be the lowest cost alternative to satisfty
a particular need.

e The economic life is, at the maximum,
equal to the physical life, but obsolescence
will ensure that the economic life is often
less than the physical life.

B GHD pe 150



Alternative GAAP Valuation Method

* “Modified (Preservation)

Method
— Based on historic cost Preserved historic
— Historic cost is not reduced if cost
the condition of the asset is (renewal costs are
preserved expensed each year)

— Requires setting a measurable
condition or performance
standard (level of service)

— Requires condition to be
measured and disclosed at

least every three years
151



Two Accounting Views

 Financial accounting X
— GAAP driven 605

— Financial statement repor*-, @X

— “fairly present the re- (\g .ations on financial

condition” test
— “Audit trail” paradigm

e Managerial accounting
— Not GAAP driven, rather,“business ca-

decision focused “\e(\x
— Management analysis repr- al
9 y o \6-0 (]

— “Cost” focused ?\69

o>
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Determining Replacement Cost

e Levell
— Original cost x General Cost Index (eg, CPI)

e Level 2

— Original cost x Sector-based Cost Indices (eg, ENR,
Means CCI)

— “Greenfields to Brownfields” conversion costs

e Level 3

— “Modern Equivalent Engineered Replacement Asset”
(MEERA)

— Detalled site-based cost analysis
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Cost Versus Accuracy

« What accuracy does your
X10fF ———-— organisation need ?

e What can it afford ?

 What is “justified” ?

Cost Factor
(of conducting

valuation)
90% 70% 50% 30%
Degree of Accuracy / Confidence



Which Valuation Technique?

Financial Accounting Managerial Accounting
» Used for GASB reporting  For renewal and
purposes replacement analysis
* Choice of: * For long-term funding
— Historic depreciation strategies including rate
— Modified or setting
“preservation” approach e Choice of:
— Condition-based
renewal
— Depreciated
replacement
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Exercise Number| 1c

Now, let’s add some Life-Cycle costs and
replacement cost info;
— Historic operating costs and trend

— Historic maintenance costs and trend (and
maintenance characterization from Tab B — is this
consistent with our Expected Life Adjustment
Factors?)

— Replacement cost
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Exercise Number|1c

What is the current “book value” of the pump
station?

How much “depreciation reserve” has been
accumulated so far? Do you think this Is cash
available to Tom to reinvest?

How much depreciation expense Is expected be
*accumulated” over the life of the existing
assets? Will this be enough to replace the
assets?
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AGENDA

Day 1
Welcome, Introductions & Housekeeping Details

“Storyline” Introduction, Background And Context
Overview Of Fundamental Concepts & Core Practices

The Storyline: Tom’s Really Bad Day

Core Question 1: What Is The Current State Of My Assets?

Core Question 2: What Is My Required “Sustainable” Level Of
Service?

Core Question 3: Which Assets Are Critical To Sustained
Performance?

Review of Key Slides; Discussion /Q & A
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Question 2: LOS?

Core Questions

. What is the current state of my assets?

What do | own?

Where is it?

What condition is it in?

What is its remaining useful life?
What is its economic value?

. What is my required sustained Level Of Service?

What is the demand for my services by my stakeholders?
What do regulators require?

What is my actual performance?

3. Given my system, which assets are critical to sustained performance?

How does it fail? How can it fail?
What is the likelihood of failure?

What does it cost to repair?

What are the consequences of failure?

4.

What are my best “ minimum life-cycle-cost” CIP and O&M strategies?
What alternative management options exist?
Which are most feasible for my organization?

- 5. Given the above, what is my best long-term funding strategy?
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The 10-Step Asset Management Plan Process

System Layout; Condition
Data Hierarchy; Assess Protocol, —
Data Standards; Rating Expected Life - Demand Analysis;
Methodologies Tables: Valuation; Balanced Scorecard;
Data Inventory g ables; Life Cvcle Costin _
Decay Curves y g Performance Metrics
Inventor Assess Determine Determine Set Target
T Assetsy | Condition, . Residual Life Cycle Costs || , LOSg
| Failure Modes Life & Replacement $
I
|
1
1
I
. l
1
1
I Assign Determine Determine Fund
'--- BRERating || Appropriate —-|  Appropriate > Build the AMP
. : Your Strategy
(Criticality) Maintenance CIP
FMECA; % % ﬁ %
Business Risk Exp; Rooltqg&gse, Confidence Level el gl [P, Asset Mgt Plan,
Delphi Technique ; Rating: Polices & Strategy; Poli 2 Strat
PdM; : ot Annual Budget; oflces raiegy,
ORDM Strategic Validation; 2L Annual Budget
ORDM Renewal Annuity
M*‘;@ ek b
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“Levels of Service”

« Good output-oriented management is driven by a defined
standard or level of service.

e Where that LOS is:

— Driven by customers/user demand

— As determined by the appropriate legislative body in a political
arena

— Tied at the “strategic” organizational level to the “tactical’ asset
level

e LOS can be defined as:
— Characteristics or attributes of a service that describe its required
level of performance;
— These characteristics typically describe “how much”, “of what
nature” and “how frequently” about the service.
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Why LOS?
It helps us...

Concentrate (focus) efforts & resources
— On agreed on service levels
— Less “service level defined by notion”

« Communicate service expectations and choices
— Increased service = increased costs
— Discussion of trade-offs & risks

* Negotiate
— service levels
— Costs & budgets
— Rate impacts
— Reinvestments for Renewal and Replacement
— Level of Risk
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LOS’s Strategic Position

Sewer “Core” Business Processes

[lection :
Collection/ emd Treatment Emd Disposal
Conveyance

Risk /
Consequence

Customer

|

t

Cost of
Service
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The Management Model

Customer Cost Level Business
Expectations of Service of Service Risk
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OCSD Agency-Wide Strategic Planning Process

» . Mandates
:§ Customer Needs
s HealthNeeds Declarative
g £ Macro Economic Needs Statements
Enviromental Needs
. Community Needs
£ Conduct Prelimi
5 Level of Service ogunﬂen RTs:lw Rtehieh 18
‘s Table Opportunity M=  for Declarative
Operating Philosophy (Done) I
2 Key Goals and Unifying
3 g !rwlmn::.lun Strateqies
Guiding Principles (Done) I
g Objectiv Budget and
§ 2 - Staffing Plans
==




Alignment of O&M and Capital Tactics with
Organizational Strategies

LOS Performance Targets: o&M
Strategic (customer) level Plan Sched
Tactical (asset unit) leyel

Control

Execute

Agency-wide Eval
Asset

Performanc Capital
Targets

Plan — Sched

1 l

Control
Eval

<— EXxecute
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Performance-based Asset

Management
Adequacy
Performance = Reliability
Efficiency

Service = customer perception

of performance
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Nature of LOS

e LOS occurs at multiple levels

Agency-wide

Groups or systems of assets (collection system, treatment
plants)

Assets (individual pump stations, digesters, clarifiers)
Key asset components (pumps, motors, vid’s)

o LOS targets are established to “roll up” to meet
higher level targets

 There are internal and external LOS targets

« External LOS targets are typically strategic or “KPI”
outcomes:
— Driven by customers/user demand
— Confirmed or determined by the appropriate legislative body in a
political arena
 Internal LOS targets are typically tactical and geared toward
focusing activities
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The “Roll-up” of LOS

a /\ Sanitation System

Major Facilities

Major Systems

Subsystems

Individual Assets

The LOS of each layer can only be met by
delivering related LOS at underlying levels.



ENVIRONMENTAL

Key Performance Indicators

1. OCSD will comply with ef
a. Compliance with all Ocg

b. Concentration of Emerg
Plant No. 1 Secondary §

c. Effluent total coliform b4

d. Source Control permite
percent

2. OCSD will manage flows

a. Frequency of use of em

b. Sanitary sewer spills pe
c. Contain sanitary sewer
3. OCSD’s effluent will be rg
a. Treated effluent reclaim

4. OCSD will implement a s
program.

a. National Biosolids Prog
Management System

b. Percent of biosolids ber

Class "B"
Class "A/EQ"

5. OCSD will improve the re
a. Dry weather urban runo

SOCIAL

Key Performance Indicators

2005 Target Level
of Service

1. OCSD will be a good neighbor and will be responsive to its customers.

a. Off site Biosolids nuisance complaints 0
b. Odor complaint response
Treatment Plants within 1 hour 100%
Collection System within 1 working day 100%
c. Restore collection service to customer within 8 hours 100%
d. Respond to public complaints or inquiries regarding construction ~ >90%
projects within 1 working day
e. Respond to collection system spills within 1 hour 100%
f. New connection permits processed within one working day >90%
g. Dig Alert response within 48 hours 100%
2. OCSD will provide public access to OCSD information.
a. Public Records Act requests within 10 working days 100%
b. Post Board/Committee Agenda Packages 72 hours prior to 100%
meeting
c. Post studies and reports on OCSD website within 1 week of 100%
receive/file.
3. OCSD will take care of its people.
a. Training hours per employee 45
b. Employee Injury Incident Rate <3.75

ECONOMIC

Key Performance Indicators
1. OCSD will exercise sound financial management.

2005 Target Level
of Service

b. Rainfall induced inflow ¢

c. Stormwater manageme
treated on-site

d. Per capital wastewater

a. New borrowing

Not more than
annual Capital
Improvement
Program
requirements

6. OCSD will protect the air

a. Odor complaints: Recla
Treatment PI
Collection Sy

b. COP coverage ratio

Between 1.25 and
2.0

c. COP service Principal and Interest

< than O&M
expenses

b. Air emissions health ris

Community,
Employees

d. Annual SFR user fee increase

not more than 15%

e. Annual user fees

Sulfficient to cover all
O&M requirements

c. Air mass emissions per

f. Annual increase in collection, treatment, and disposal costs per
million gallons

<10%

g. Annual variance from adopted reserve policy

<5%

Example:

LOS

Statement
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Pump Station LOS Requirements

Security,Sewer Spills, Odor, Noise,

Safety, Appearance

Pumps

2 No.

Superstructure
Electrics
Wet & Dry Wells }
Inlet Sewer Inlet
Screen
Controls
Land & Imprv.

Force

Main

Pipes
& Valves

Pump Station
LOS

y

Adequacy
Dependability/Reliability
Efficiency
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System Performance Requirements

External LOS
Targets

Sewer Spills, Odor, Noise, Safety, Water Quality

T 1r 17

Network
Collection
Systems

Trunk
Sewer
Systems

Treatment
Plant

o

Disposal

System

Final Dischar@

Reliability
Availability
Performance
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The Four Major Failure Modes

Management
Mode Definition Tactical Aspects Strategy

1. Capacit Volume of demand Growth, system expansion i
pacity exceeds design capacity 4 > Redesign

Codes/permits: NPDES, CSOs,
Functional requirements SSOs, OSHA, noise,
exceed design capability odor, life safety; service, etc

2. LOS Redesign

Consumption of asset Physical deterioration due to
, : : O&M,
3. Mortality reduces performance below age, usage (including operator

an acceptable minimum level error), acts of nature Renewal

Performs ok, but cost of

4. Efficiency operation exceeds that of “Pay-back” period Replace
feasible alternatives
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 Help Tom develop LOS targets for his

 Translate these to “Performance” and

Perfomance.

Exercise 2 (LOS)

“problem” pump station

“Reliability” scores (

ab D)

2
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Pump Station LOS

Performance Measure Current Target

Odor Complaints/yr 0.5 1

Spills #lyr 2 0
Gals/spill 56,000 2,000

Pumping % influent 99.68% 100%

Reliability

Scada Outages/yr 7 2
Duration, hrs 72+ 38

Power Outages/yr 1 1
Duration, hrs 7 2.5

- 175
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Pump Station LOS

Reliability Measure Current Target
Pumps % reserve capacity, 30% 30%
Peak Q
Z/Do redundancy @ peak 0% 50%
Power 2 source, hrs 7 2.5
Regulatory
Spill reporting verbal, hrs N/A 24
Report, days 21 10
Impact Notice, hrs N/A 8
Response plan trng, 0 8

hrs/yr

nnnnnnnnnn
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AGENDA

Day 1
Welcome, Introductions & Housekeeping Details

“Storyline” Introduction, Background And Context
Overview Of Fundamental Concepts & Core Practices

The Storyline: Tom’s Really Bad Day

Core Question 1: What Is The Current State Of My Assets?

Core Question 2: What Is My Required “Sustainable” Level Of
Service?

Core Question 3: Which Assets Are Critical To Sustained
Performance?

Discussion /Q & A
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Question 3: “Critical” Assets?

Core Questions

. What is the current state of my assets?

What do | own?

Where is it?

What condition is it in?

What is its remaining useful life?
What is its economic value?

. What is my required sustained Level Of Service?

What is the demand for my services by my stakeholders?
What do regulators require?

What is my actual performance?

3. Given my system, which assets are critical to sustained performance?

How does it fail? How can it fail?
What is the likelihood of failure?

What does it cost to repair?

What are the consequences of failure?

4.

What are my best “ minimum life-cycle-cost” CIP and O&M strategies?
What alternative management options exist?
Which are most feasible for my organization?

- 5. Given the above, what is my best long-term funding strategy?
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The 10-Step Asset Management Plan Process

System Layout;
Data Hierarchy;
Data Standards;
Data Inventory

R

Condition
Assess Protocol,
Rating
Methodologies

~_-

Expected Life
Tables;

Decay Curves

Valuation;
Life Cycle Costing

-~

Demand Analysis;
Balanced Scorecard;
Performance Metrics

e =

Business Risk Exp;

Delphi Technique

Root Cause;
RCM;
PdM;
ORDM

Confidence Level
Rating;
Strategic Validation;
ORDM

Asset Mgt Plan,
Polices & Strategy;
Annual Budget;
Renewal Annuity

Inventor Assess DEUSILE DS Set Target
- y " - Residual Life Cycle Costs g
Assets > Condition —> : LOS
Life & Replacement $
Assign Determine Determine Fund
BRE Rating »| Appropriate —-|  Appropriate Your Strate Build the AMP
(Criticality) Maintenance CIP gy
e 9 S s N s e
FMECA;

Asset Mgt Plan,
Polices & Strategy,
Annual Budget
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“Risk” Is The Heart Of AM

RISK:
Potential for Failure
VS
Consequence of Failure
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Perfomance.

Definition of “Risk”

« “Risk” in “AM speak” Is the consequence of
fallure weighted by the probability of failure;
* |tis often used as a measure of “Criticality”.

Variables:
1. The probability or likelihood of the event (PoF)
2. The consequence or impact of the event (CoF)




All Assets Have a “Probability of Failure”

The Six “Generic
Failure Patterns”

Two Key Questions:

1. Is the failure
reasonably
predictable?

Failures

2. Is it preventable
INn cost-effective
terms?

%
o
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The Two Most Common “Reliability” Failures
“The Two Key Reliability Analysis

Failure Patterns” “The probab_ility that alcompor)e_nt
or system will perform its specified
function for the specified period
under specified operating
conditions”

1. The Bathtub Curves
Typically applicable for
mechanical and electrical
assets

% of Failures

2. Time /Age Based Curves
Typically applicable for civil

passive assets

Time
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The Four Major Failure Modes

Strategic
. : Management
Mode Definition Tactical Aspects Strategy
i Volume of demand - .
1. Capacity exceeds design capacity Growth, system expansion Redesign

Codes: NPDES, CSOs,

Functional requirements SSOs, OSHA, noise, R ;
. " . edesign
2.L0S exceed design capability odor, life safety; 9
Service, etc
Consumption of asset Physical deterioration due to
: : : O&M,
3. Mortahty reduces performance below age, usage (including operator
an acceptable minimum level error), nature Renewal

Performs ok, but cost of

4. Efficiency operation exceeds that of “Pay-back” period Replace
alternatives
?:32"5-7‘&"‘@ ek 1 84



s Likely

Yes Yes Treat as

Mode: -> capae:]city t:;—?;]ogf Capgcity
; Mode -
Capacity T modes? redesign
]
gﬁ:nLgoefj Yes t|)_i|?ely Treat as
. ’ efore
Mode: beyond other LOS(,:I M(')de
LOS design? modes? reeesian
]
: Likely Treat as
Mode: physical before M&rtgllty
A reliability other oae
Mortality an issue? modes? 1
- b I
Is0 cgrs;tteo Likely v Treat as
Mode: S before i> Efficiency
s an issue? other Mode
Efficiency modes?

through
again - it's
gotta fail
somehow

The
“Primary
Fallure
Mode”
Gives
Insight Into
Setting the
Probability
of Failure
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* Performance Parameters
* What To Monitor

Function
(It works)

—

Failure Analysis

 Failure Cause
 Failure Behaviour
 Failure Mode

e Failure End State

* Failure Consequences

Functional Failure

(It doesn’t work)

~

Defined by
performance
standards

End state or
potential end
state; Evidence -
what you see

Contributing
causes and Root
Cause; Reason
why failure
occurred

Mechanism of
failure

Evident; Hidden;
Random; P-F
Interval

Cost, Safety,
Environmental
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Cause and Effect Diagrams

Root
Effect | Effects/Causes
; Cause
: >
H A Worn Bearing ' | No Lubrication
: Contact :
Electrical No Schedule
Motor burned | |
out . . ; :
L Physical | Forklift bashed | . | No protective
Damage motor . | crash barrier
.| Water inside Incorrectly No assembly
motor assembled procedure
kb Cause ,
Effect i
o e i | Burned out
Effect contactor

= [Gase |
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Perfomance.

Probability of Failure (PoF)

The PoF Is directly related to the Failure Mode
We cannot absolutely determine the PoF.

Sometimes we have good data, sometimes we
do not.

We can estimate a range of failure - how early
(pessimistic) and how late (optimistic).
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The “FMECA” Structure
“Failure Mode, Effects and Criticality Analysis”)

MAJOR FAILURE MODE/S IDENTIFIED

CAPACITY

LEVEL OF SERVICE

MORTALITY

END OF
PHYSICAL LIFE

COST

PERFORMS OKAY
BUT COSTS TOO MUCH

DEMAND REGULATORY
AVAILABILITY POLICY
QUANTITY
DEMAND ASSET IS
EXCEEDS DEMAND INADEQUATE UNRELIABLE AND
CAPACITY INTERUPTS SERVICE
(SUPPLY ) UTILISATION OF ASSET DELIVERY TO

IS POOR

UNACCEPTABLE LEVELS

ASSET STILL
PERFORMING
ADEQUATELY
BUT FAILURE
LIKELY

NON PERFORMING FINANCIALLY
TECHNICALLY INEFFICIENT OR
OBSOLETE.HAS POOR UTILISATION
AND DERIVES LOW INCOME / INCOME

FAILS TO MEET
LEVEL OF SERVICE OR
STANDARDS REQUIRED

HIGH COST OF SERVICE
NON PERFORMING
ASSET

(FINANCIALLY )

HIGH NUMBER OF
FAILURES IMPACTS

ON CUSTOMERS.

POOR LEVEL OF SERVICE

LOSS OF SERVICE

IMPACT DEPENDENT

ON DIRECT / INDIRECT
CONSEQUENCES OF FAILURE

* HIGH MAINTENANCE AND / OR
OPERATING COSTS

* HIGH DEPRECIATION

* FUTURE LIABILITIES ETC

ASSET

« AUGMENTATION
« NEW ASSET

« DEMAND

* MANAGEMENT

ASSET

* DISPOSAL

* RATIONALISATION
* INCREASE INCOME
* CONTINUE SUBSIDY

*« IMPROVE MAINTENANCE
* REDESIGN

* REHABILITATE

*« REPLACE / DISPOSE

* LOWER SERVICE LEVEL

* COMPLETE RISK
ASSESSMENT

* COMPLETE ORDM

* IDENTIFY OPTIMISED
RENEWAL

* RATIONALISATION

* DISPOSAL

* OPTIMISED RENEWAL

* LOWER LEVELS OF SERVICE
RESPONSE TIMES etc

|‘TREATMENT'I_ EFFECTS —|— MODES —l

Modes ¥ Effects ® Treatment (Management) Alternatives
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What are the Sources of PoF?

= CMMS -"“Mean Time Between Failure”
(MTBF)

= Vendor / industry information
= QOther failure records (hard copies)
= QOur “Brilliant Memories” (Staff)

=  QOur SCADA System (if we have one and it
records this asset).

PoF — Probability of Failure
190
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Age? Usage? Condition?
Performance

Finding a “Proxy” For “Performance”

A

DISTRIBUTION OF
X X ASSET PERFORMANCE
\ X

XX
\ XXXy MEAN ASSET

\ /\XX\ CONDITION
X

% OF ASSETS SNB%
BELOW STANDARDS

25% 50% 75% 100%
% of Effective Life Consumed
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Perfomance.

Probability of Failure & Age of Asset

Probability of Failure

% of Effective Life Consumed

PoF Rating

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

1

O 00N Olhd Wi

=
o
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Probability of Failure & Condition

Conditon - Residual Life Facto Condition/Residual Life
Effective Lives 1 2 3 4 5 6 7 8 9 10
Civil 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0
Pressure Pipework 0.9 0.8 0.7 0.6 0.5 0.4 0.3 "V 0.1 0
Sewers 0.9 0.8 0.7 0.6 0.5 0.4 0.3 .2 0.1 0
Pumps 0.9 0.8 0.7 0.6 0.5 0.4 0.3 ).2 0.1 0
Valves 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0
Motors 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0
Electrical 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0
Controls 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0
Building Assets 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0
Land 1 1 1 1 1 1 1 1 1 1
Condition Based Effective Liv Condition/Residual Life
Effective Lives 1 2 3 4 5 6 7 8 9 10
Civil 67.5 60 52.5 45 37.5 30 22.5 15 7.5 0
Pressure Pipework 54 48 42 36 30 24 18 12 6 0
Sewers 90 80 70 60 50 40 30 20 10 0
Pumps 36 32 28 24 20 16 12 8 4 0
Valves 27 24 21 18 15 12 9 6 3 0
Motors 315 28 24.5 21 17.5 14 108 7 3.5 0
Electrical 31.5 28 24.5 21 17.5 14 1085 7 3.5 0
Controls 22.5 20 175 15 12.5 10 5 2.5 0
Building Assets 54 48 42 36 30 24 8 12 6 0
Land 300 300 300 300 300 300 00 300 300 300

PoF = 1.0 — “Condition/Residual Life Factor”
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Direct Probability of Failure Table

Assessment Probability Description
(Lixesihood of occumence Weighting
within one year)
Almost Cerlan 100 Is expecied to occur wilhin a 1 year imeframe
Very High 75 Likely to occur within a 1 year imeframe
High S0 Estimated 50% chance of occuming in any year
Quite Likely 20 Is expecied to occur within a S year timeframe
Estmated 20% chance of occuming in any year
Moderate 10 Is expected to occur within a 10 year tmeframe

Estimated 10% chance of occuming in any year
Is expecied to accur within a 50 year tmeframe
Very low 1 Is expecied to occur within a 100 year timeframe

Low

N

Note: calibrate to each class of assets!

nnnnnnnnnnnnn
Engestirg Pecl
mmmmmmmmmmmmmm



Quantifying “Consequence of Failure”
Simple

Consequence of Failure

CoF Rating Description % Affected Level
1 Minor Component Failure 0-25% |Asset
2 Major Component Failure 25-50% |Asset . .
3 Ma}or Asseri 0-25% |Asset SO p h |St| Cated
4 Multiple Asset Failure 25-50% |Facility / Sub-System
5 |Major Facilty Failure S0-100% o pirect Costs to the Local Government
6 Minor Sanitory System Failure | 20-40% . )
7 Medium 40-60% — Repalr and return to service costs
8 Intermediate 60-80% — Service outage mitigation costs
9 Significant 80-90% — Utility emergency response costs
10 Total 90-100% — Public safety costs

— Admin & legal costs of damage settlements
—  (Lost product costs)

* Direct Customer Costs
— Property damage costs (including restoration of business)
— Service outage costs
— Service outage mitigation and substitution costs
— Access impairment and travel delay costs
— Health damages

* Community Costs
— Emotional strain/welfare
Environmental Pollution, erosion, sedimentation
Destruction of/damage to habitat
“Attractability” (tourist, economic)
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Alternative View 1 of “Criticality”;

Impact on Process

Code Description

1 Mandated by law or corporate policy

2 Impacts multiple processes, runs continuous without an on-line spare

3 Impacts multiple processes, runs intermittently without an on-line spare, and/or
causes lost production in less than 4 hours

4 Impacts a single process, runs intermittently without an on-line spare, and/or
causes lost production between 4 - 24 hours

5 Impacts a single process, runs intermittently without an on-line spare, and/or
causes lost production in less than 24 hours

6 Impacts multiple processes, runs continuous with an on-line spare, and
causes no lost production

7 Impacts multiple processes, runs intermittently with an on-line spare, and
causes no lost production

8 Impacts a single process, runs intermittently or continuous with an on-line
spare, and causes no lost production

9 Minor or no impact on safety, product, or cost




Alternative View 2 of “Criticality™:
“Distance” From Core “Value Added” Functions

Code Description

1 Assets required for conducting “value stream” functions that produce the core
“unit of value”

2 Assets required to ensure that “revenue producing” assets are powered or
controlled

3 Assets required for order fulfillment functions such as sales orders, production
planning, shipping, and accounting

4 Assets required for other core production or service functions such as material
handling or warehousing

5 Non-revenue producing assets required for protecting revenue-producing
assets from inoperable conditions
6 Non-revenue producing assets required for conducting supporting business
functions
7 Non-revenue producing assets that impact quality of life
Engne D 197



Determining “Significant” Failures: The

Risk — Conseguence Trade-off
 What is the likelihood of failure ? (risk)
 What is the cost of failure? (conseguence)

L
Q
=

B

Probability of failure

Consequence High  19g



Failure Risk/Consequence
Drives Work Program

High
® B “Poor”
;c_% D “Fair”
: Wor@)First?
E
2 A “Good” C “Good’
- Consequence High 199




L
Q
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Probability of failure

Failure Risk/Consequence
Drives Work Program

Program

Aggres

Sample
Monitoring

Monitoring
Program

Progr&m

Consequence



The Risk ( Criticality ) Metric

BRE

CoF

Probability

X Of
Failure

(PoF)

Related to
Condition,
Reliability
&
Redundancy

X PoF



BRE* 1 - Simple Approach

* Business Risk Exposure

High L 2 3
3 3 6
PoF /
Likecl)ihood : 2 4 6
1 1 2 3

CoF / Consequence of Failure
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The Impact of Redundancy
On The Risk Metric

4 4
Il Il Il % """ 2l
I VAR o
i I L -
— X X X X X
] ]
Check Valve
1
25,000

IIST™N A

Significantly
reduces the

risk metric!
(Risk = PoF X CoF x R)

Where:
PoF = Probability of Failure
CoF = Consequence of Failure

_ See Detailed Schematic «
R = Redundancy Factor 4 System Below

Air Discharge Header

2 3 4 5 203
40,000 40,000 40,000 25,000

IISTA A raYwd W1 IST™A A raYwd W1



Weighting Redundancy

Don't Forget Redundancy!

Level of Redundancy Reduce PoF by:
50% Backup 50%
100% Backup { 90%
200% Secondary Backu 98%

A ]

These weights are set considering the operating
circumstances where possible:

» “True redundancy” (peak versus average)

» Age and condition of equipment

* Nature of operating environment

 Nature of failure modes (evident, hidden, random)

— 204



Does Tom Have Redundancy?
If So, How Much?

Superstructure - \
Control \ - ool
Switchboard OWer Fole
Motors L — &Transformer
4| : 1
Access Stairs —,0
- Caisson
Inlet Sewer = —
\ o Drive
S A / Shafts
Pumps
Inlet Screen L P
& /
LK
N
/" Wet Well \ / Dry Well \ Sump Pump

— 205



Step by Step BRE Methodology

Advanced Full Ec?nomlc Cost
Model = Accurate $
BRE 3 BRE 3 Cost
Process Probability = MTBF
Score — 0 to $ millions
Secondary
BRE 2 BRE 2 1t0 1,000 - CoF
0-100+% - PoF
Process Point Score 0 - 1000
Basic
BRE 1 1 to 10 Matrix:
BRE 1 P CoF and PoF
FOCESS Point Score 1-100
Filtering - Evolving Sophistication x
f CoF — Consequence of Failure
— PoF — Potential of Failug®6é
D, BRE- Business Risk Exposure



Level 1 - Simple

Risk Rating = Probability X Consequence

ASSET No. PROBAB. CONSEQ. RISK RATING

* THESE REQUIRE FURTHER INVESTIGATION



Level 2 — Intermediate

Multiple Elements

ENHANCED FMECA ANALYSIS TECHNIQUES

ELEMENT RATING WEIGHTING |[MAX. SCORE
Safety 1-5 10 50
Environment 1-5 6 30
Functionality 1-5 5 25
Cost 1-5 8 40
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Example: Risk/Consequence Table

UKELIHOOD CONSEQUENCES

Very Low
Low
Moderate

Quite likely

. - -~ - .

High
Very High

Almost Certain

209



E2 Microsoft Excel - BRE 1.0 Model {5x5 Matrix) Yer 4.xls

|E) Bl Edt View Insert Format Jook Data Window Hep Adobe POF =181 x]
| avial se s ru|EEEEs %, d|EFEE-S-A.
DFE S8RV iR T - LilmBee -6
c2n B =| With Backup
Al B i | 3] | F | G | H i 4 -
! =
2 @ Business Risk Exposure Tool Caleulator BRE 1.0 Model (5 x 5 Matrix) Version 4.0
Lk o= Licensed Client ** : Orange County Sanitation District
4 2005 CIP Validation Program
5
& | Project Description:
7 Praject No:
8 Name's of Assesor's:
8| Date:
|10
11| Conseguence of Failure
12 .
13 Description Percantage Affected Level Xal I l p e .
|14 | Major Component Failure 25-50% Agziet
15
|16
17|  Probability of Failure e Ve
18
119 | |Years to 100% Probability of Failure > & years |
0 Redundancy _ With Backup =]
21| |Probability T — 0.50
| 22 |
23
|24 | Business Risk Exposure
25
2| |Tetal ERE 1.00
| 27
28
| 29 | This workbook forms part of GHD's Approach to Advanced Life Cycle Asset Management of Infrastructure & other assets.
_3;!_} it uses our TEAMOF ™, Ouality Framework and Confidence Level Rating (CLR) & Business Risk Exposure (BRE) Technigques.
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14| Time off Supply 30 - 6 Months ta One Year 10 300
B Area off Supply 90 - >200 Properties 5 450
16| Public Image 20 - State News 10 200
17 Property Damage 30 - > 5200 000 5 150
18| System Disturbance 1- Single Crew for 1 hour 20 20
19 Production Loss 150 - > $100 000 12 1500
0 | Potential Injury or Fatality 100 - Single Fatality & 00
211 Total 100
2 Total Consequence of Failure 7120
23 | '
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21 Redundancy 50% Backup
i Probability 18.00% B R E L | 2
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Level 3 — Advanced

Full Economic Cost I\/Iodel
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Modifying the 10 Step Process

System Layout;
Data Hierarchy;
Data Standards;
Data Inventory

R

Condition
Assess Protocol,
Rating
Methodologies

~_-

Expected Life
Tables;
Decay Curves

Valuation;
Life Cycle Costing

-~

Demand Analysis;
Balanced Scorecard;
Performance Metrics

e =

. Inventory Ass_e_ss Dete-rmine _ Determine Set Target
Assets Qondltlon, Res-ldual Life Cycle Costs |—, LOS
Failure Modes Life & Replacement $
Assign Determine Determine Fund
—| BRE Rating —»| Appropriate Appropriate Your Strategy » Build the AMP
(Criticality) Maintenance CIP
e s ) . [ o (s
Business Risk Exp; sl Cagse; Confidence Level Asset Mgt Plan,
Delphi Technique I;g:\\/l/l Rating; Renewal Annuity Polices & Strategy,
ORDM S”ategglRVDal\l/ildation; Annual Budget




Putting It All Together:
Calculating Business Risk

Design or R : . o
Standard Life Table g AR BT i e
Design Standard Condition
Construction Quality Performance (Functionality)
Material Quality Reliability
Operational History
Maintenance History
Operating Environment
External Stresses
Probability Consequence _ Business Risk
of Failure X of Failure: X Rl ENGY - Score
Consider: T
Safety/Health/Welfare | + | Environmental Impact | + Process Criticality | + Revenuler;%%%rtavatlon
Repair Costs Customers
214
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Managing Risk: Risk Reduction Options

Management Treatment Options

|
Reduce Reduce
Probability Consequence

E— Add Redundancy I Manage Post
Failure Impacts
Refocus / Increase |
O&M _ Insure
— Refurbish/Replace I Influence

Customer
Expectations




Some Failures Will Still Happen

Educate Our
Customers To
Expect
Acceptable Or
Unavoidable
Failures



What Caused the
Jones Street Lift Station to Fail?

* Truck hits pole and causes power failure
e Don’t really know
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Failure Analysis

Performance Parameters
*\What To Monitor

eFailure Cause
*Failure Behaviour
*Failure Mode

Function
(It works)

—

Defined by
Performance
Standards

End state or
potential end
state, Evidence,
what you see

Contributing
Causes and Root
Cause, reason
why failure
occurred

Functional Failure

(It doesn’t work)

Mechanism of
failure

Evident, Hidden,
Random, PF
Interval

Cost, Safety,
Environmental

218




Cause and Effect Diagrams

Root
Effect | Effects/Causes
: Cause
>
. Al Worn Bearing * | No Lubrication
: Contact :
Electrical 5 | No Schedule
Motor burned | '
out . . ; :
L Physical L | Forklift bashed-{. | No protective
Damage motor . | crash barrier
7 Water inside | Incorrectly No assembly
motor assembled procedure
kb Cause : :
Effect !
o e i | Burned out
Effect contactor

= [Gase |
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June’s Incident Report Notes

19:35 - Entered superstructure to shut off power breakers before power-up. The main
breaker had been thrown. No immediate clue as to what caused it to trigger. No sign of
arcing or flash explosion around the box. That means neither Motor/pump 1 or
Motor/pump 2 could run. No wonder the overflow. Why both down?

20:25 - Power temporarily restored by Costly Electric & Illlumination; will return in am to
install permanent pole. (Shouldn’t we ask them to move it back from the road?)

20:30 - Mac and | turned on main breaker to Motor 1. Immediately heard loud screeching.
Seems to be from Motor 1. Immediately shut main down. Turned off breaker to Motor 1.
Turned on main. Good news - Motor 2 ran fine. No unusual noise. Nice to have lights.
Wonder if coffee pot works!

20:40 - Noted that motor mounts on Motor 1 appear loose - black skid marks up to ¥z inch
from front feet; back shows movement but not as bad.

20:45 - | entered wet well and dry well with Motor 2 running. Mac stayed top. Noted that the
two shaft guides on the wall for Motor/pump 1 was completely loose, one side pull off
wall. Bolts pulled clear from wall too. Noticed substantial play in pump shaft at the
coupler to the shaft. Way too much play here. See photos.

05:15 My guess at this point - Looks like vibration worked the shaft guides loose, increasing
strain on the motor, working the motor loose, which strained bearings to point of break
down.

05:30 Sent crews home with Motor/pump 2 running alone. What to do with Motor/pump 1?
Repair? Refurbish? Replace? Will discuss with you after | get some shut eye. 220




Cause and Effect Diagrams

Effects/Causes

Root
Cause

Effect |
Main breaker
tripped §
k|'> Cause
Effect
Kb Cause
Effect
%E




Cause and Effect Diagrams

Effect

Effects/Causes

Root
Cause

Main breaker

Breaker
overload

tripped §
Breaker failure
k|'> Cause :
Effect i
Kb Cause n 3
Effect
3 [Cause]




Cause and Effect Diagrams

Root

Effect | Effects/Causes
; Cause

— Bicaie! Motor overload Bearingdry |-
; overload :

Bearing
. stressed
Main breaker
tripped
~ | Pump overload
- : + Not fully
i Breaker failure seated
kb Cause !
Effect :
NN e B —|  Defective
Effect
> [cause |




Cause and Effect Diagrams

Root
Effect | Effects/Causes
: Cause
>
I Breaker - ! Grease cap
— B -
i overload MeLe5 ey eEeaS Satne ! failed
I
sreea;r;ré% Misaligned
Main breaker
tripped
~ | Pump overload !mpeller
jammed
—| Breaker fail o Not fully Defective
i BrEaREr ahtir seated ' | breaker base
kb Cause ! '
Effect . .
N\ [Cavse | —  Defective E Defective
Effect

= [case |




Which Major Failure Modes Are At Work?

Strategic
. : Management
Mode Definition Tactical Aspects Strategy
1. Capacity  Volume of demand Growth, system expansion

Redesign

exceeds design capacity

Codes: NPDES, CSOs,

Functional requirements SSOs, OSHA, noise R :
| . i ’ ’ edesign
2.LOS exceed design capability odor, life safety; 9
Service, etc
Consumption of asset Physical deterioration due to
: _ _ O&M,
3. Mortahty reduces performance below age, usage (including operator
an acceptable minimum level  error), nature Renewal

Performs ok, but cost of

4. Efficiency operation exceeds that of “Pay-back” period Replace
alternatives
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s Likely

Yes Yes Treat as

Mode: -> capae:]city t:;—?;]ogf Capgcity
; Mode -
Capacity T modes? redesign
]
gﬁ:nLgoefj Yes t|)_i|?ely Treat as
. ’ efore
Mode: beyond other LOS(,:I M(')de
LOS design? modes? reeesian
]
: Likely Treat as
Mode: physical before M&rtgllty
A reliability other oae
Mortality an issue? modes? 1
- b I
Is0 cgrs;tteo Likely v Treat as
Mode: S before i> Efficiency
s an issue? other Mode
Efficiency modes?

through
again - it's
gotta fail
somehow

The
“Primary
Fallure
Mode”
Gives
Insight Into
Setting the
Probability
of Failure
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Exercise Number 3

Help Tom develop an understanding of the
criticality (BRE) of the components of the pump
station

Using the data provided, determine:

 The consequence of failure using the 1 to 10
score table in the exercise spreadsheet

* Apply these to all the components you have In
your asset register
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Exercise Number 3

* The probability of failure will be calculated by the
spreadsheet using the residual life (but in future
you need to use real data)

« Have a look at the BREs. Are they what you
expected ?

 What is the total BRE for the pump station?

BRE — Business Risk Exposure
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Sheet C on the exercise spreadsheet

Probability of Failure
% of Effective Life Consumed PoF Rating
0% 1

10%

20%

30%

40%

50%

60%

70%

80%

90%

O© 00 NO Ol A~ WN

=
-

Don't Forget Redundancy??

Level of Redundanc Reduce PoF by:
50% Backup 50%
100% Ba 90%
200% Seco ry Backup 98%

This Is calculated based on condition rating



$ 4 0 4 40

Key Lessons Learned

BRE Is the heart of all good Advanced AM.

It helps us make better decisions by far ...

BRE comes in different levels of sophistication.

You can start very easily — as shown.

PoF data is hard to get and is individual asset related.
So start completing your work orders now.

BRE — Business Risk Exposure
PoF — Potential of Failure
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AGENDA

Day 1
Welcome, Introductions & Housekeeping Details

“Storyline” Introduction, Background And Context
Overview Of Fundamental Concepts & Core Practices

The Storyline: Tom’s Really Bad Day

Core Question 1: What Is The Current State Of My Assets?

Core Question 2: What Is My Required “Sustainable” Level Of
Service?

Core Question 3: Which Assets Are Critical To Sustained
Performance?

Review of Key Slides; Discussion /Q & A
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Perfomance.

Strategic Business Risk

“A business risk” is the threat that an event,
action or inaction will adversely affect an
organization’s ability to achieve its business
objectives and execute its strategies
successfully.

Management of these risks has the twofold advantage of both
avoiding and minimizing the risk itself, and enabling informed
business decision-making based on an understanding of where
the business vulnerabilities lie.
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Mapping Organizational Risk

1 Terrorist attack on OCSD asset (e.g. treatment plant)

2 Regional power outage (up to 24 hours)

3 Safety incident on OCSD project

4 Internal security breach of IT systems

5 Increase in regulatory requirements

6 Finding places to put our biosolids

7 Potential loss of property tax revenue

8 Internal labor unrest at OCSD

9 Consultants ability to meet stakeholders expectations

10 Level of service change for environmental stewardship (constituents of concern)

11 Loss of public confidence in OCSD ability to perform core services

12 Exceedance of pollutants of concerns in groundwater related to GWRS

13 Internal business fraud (e.g. malfeasance)

14 Non compliance by OCSD that result in fines by regulators and legal activities by NGO's
15 Lack of incentives for early retirement of ageing staff that perform physical activities

16 Poor two way communications across OCSD levels

17 Lack of a leadership model in EMT and management level

18 Changing technology vs. CIP decisions

19 Board not supporting the funding required to support CIP/O&M (Full Cost Pricing)

20 Ability to accurately forecast growth of county

21 Loss of Board institutional knowledge

22 Not sustaining effective plant operations during construction

23 Disasters that destroy collection system or plant

24 Inability to appropriately fund staff at required technical strength

25 Inability to balance strategic initiatives that support GWRS (Groundwater Replenishment System) with plant operations
26 Emergency (operations level) communication among response teams and management for emergencies
27 Lack of alignment of organizational structure with requirements for strategic initiatives
28 Unable to put into effect funding agreement for SARI (Santa Ana River Interceptor)

29 Unable to negotiate new operating agreement with SAWPA (Santa Ana Watershed Project Authority)
30 Public ceases support for GWRS after investment is in place

31 Inability to meet new air emission standards for generating facility

32 Inability to balance impacts on neighbors with desire by public to reduce cost

33 Cost to meet odor and air emissions standards from facilities

34 Privatization of OCSD 233
m@ 35 Recruiting and retention of staff in face of local cost of living
,,,,,,,,,, GHDEE

36 Lack of succession planning at OCSD



Mapping Organizational Risk

Critical Risks: None categorized as Critical

High Risks:

2 Regional power outage (up to 24 hours)

5 Increase in regulatory requirements

6 Finding places to put our biosolids

8 Internal labor unrest

9 Consultants ability to meet stakeholders expectations

19 Board not supporting the funding required to support CIP/O&M (Full Cost Pricing)
21 Loss of Board institutional knowledge

23 Disasters that destroy collection system or plant

28 Unable to put into effectivefunding agreement with key customer
|:| 30 Public ceases support for potable water after investment is in place

Sanitation Utility Risk Profile

Catastrop-
hic

Medium Risks:

1 Terrorist attack on assetS (e.g. treatment plant)

3 Safety incident on major projects

7 Potential loss of property tax revenue

10 Level of serwvice change for environmental stewardship (constituents of concern)

12 Exceedance of pollutants of concerns in groundwater

13 Internal business fraud (e.g. maf easance)

14 Non compliance that resul infines by regulators and legal activities by NGO's

16 Poor two way communications across department levels

17 Lack of a leadership model in EMT and management lev el

18 Changing technology vs. CIP decisions

20 Ability to accurately forecast growth of county

22 Not sustaining eff ective plant operations during construction

24 Inability to appropriately fund staff at required technical strength

25 Inability to balance strategic initiatives that support groundwater replenishment with plant
operations

26 Emergency (operations level) communication among response teams and management
for emergencies

27 Lack of alignment of organizational structure with requirements for strategic initiatives

29 Unable to negotiate new operating agreement with key customers

31 Inability to meet new air emission standards

32 Inability to balance impacts on neighbors with desire by public to reduce cost

33 Cost to meet odor and air emissions standards from facilities

34 Priv atization of organisation

35 Recruiting and retention of staff inface of local cost of living

36 Lack of succession planning

Low Risks:
4 Internal security breach of IT systems

11 Loss of public confidence in organisation to perform core serwices
15 Lack of incentives for early retirement of ageing staff that perform phy sical activities
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Moderate

Consequence

Insignificant

Unlikely Possible Probable Certain

Schematic represents allocation of Likelih d
risk rather than absolute values Ikelihoo
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Review of Today's Key Slides

Core Questions

“Meta" Vlew 4: The “Management 1. What is the current state of my assets?
Framework” Perspective * Whatdo! own’

*« Whereis it?

* What condition is it in?

« What is its remaining useful life?
« What is its economic value?

Asset Management Business Processes

2. What is my required sustained Level Of Service?
* What is the demand for my services by my stakeholders?
* What do regulators require?
. i 2
Asset Management Plans What is my actual performance?

3. Given my system, which assets are critical to sustained performance?
+ How does it fail? How can it fail?

What is the likelihood of failure?

+ What does it cost to repair?

What are the consequences of failure?

Strategic Initiatives

»

Annual Budgets

»

N

. What are my best “minimum life-cycle-cost” CIP and O&M strategies?
What alternative management options exist?
Which are most feasible?

Capital Budget
17

5. Given the above, what is my best long-term funding strategy?

Failure Risk/Consequence

- Core AAM Program Process Tools
Drives Work Program

System Layout; Condition
Data Hierarchy; Assessment, - = ry———
Data Standards; Rating - Expected Life Valuation: B Iemand Sna ysws‘d‘
Data Inventory Methodologies Tables; Life Cycle Coéung alanced Scorecard;
Decay Curves Performance Metrics
High
A Aggressive __pl  Inventory Assess DI SEEHIS Set Target
B o i Assets  |-» Condiion |-  Residual |, Replacement |\ 77 o9
Monitoring 1 Life $ & Date
B Program !
o I
= Aggressive i l
[ I
S Monitoring |
< Program Aggressive | Assign Determine Determine Fund
ﬁ Sample Monitoring '--- BRE Ralting > Appropriate | —»| Appropriate > | Sty —» Build the AMP
= 5 A Criticali Maintenance CIP
o Monitoring Progr&m s 2
FMECA; e
Business Risk Exp; 00t Cause, Confidence Level Asset M
" B gt Plan,
Low > Delphi Technigue Edcr\’\:’ Rating; Renewal Annuity Polices & Strategy,
Consequence High 199 SREI] Strategic Validation; Annual Budget

JU— PARSONS!/AGHD @
Engestirg
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